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OREGON GROUND-WATER QUALITY AND ITS RELATION TO 
HYDROGEOLOGIC FACTORS - A STATISTICAL APPROACH

By Timothy L. Miller and Joseph B. Gonthier

ABSTRACT

An appraisal of Oregon ground-water quality was made using existing 
data accessible through the U.S. Geological Survey computer system. 
Currently, these data represent a majority of the computer accessible 
ground-water quality data for Oregon. The U.S. Geological Survey data 
available for about 1,000 sites were separated by aquifer units and 
hydrologic units. Selected descriptive statistics are given for 19 
constituents including major ions. Analyses of hazardous substances 
(complex organics and metals) are generally not available as part of 
this data set, but a small number (less than 50) of samples were 
analyzed for lead or mercury. About 96 percent of all sites in the 
current U.S. Geological Survey data base were sampled only once, thus 
eliminating the opportunity to determine time trends. The sample data 
were classified by aquifer unit and hydrologic unit, and analysis of 
variance was run to determine if significant differences existed between 
the units within each of these two classifications for the same 19 
constituents on which descriptive statistics were determined. Results 
of the analysis of variance indicated both classification variables 
performed about equally well in grouping samples into distinctive 
subsets, but the aquifer unit classification provided a better 
opportunity to explain the statistical results because these units are 
related to the lithology. Therefore aquifer unit classification is a 
more useful tool in relation to ground-water quality variation.

Samples from the Rogue River basin were classified by location 
within the flow system and the type of flow system. The samples were 
then analyzed using analysis of variance on 14 constituents to determine 
if there were significant differences between the subsets classified by 
flow path. Results of this analysis were not definitive, but 
classification as to the type of flow system did indicate potential for 
segregating water-quality data into distinct subsets.



INTRODUCTI ON

For years, ground water has been considered an excellent source of 
potable water, less susceptible to contamination than surface waters. 
This public perception has changed in recent years with the recognition 
of ground-water sites, such as the Love Canal in New York, that 
have been contaminated by hazardous waste. Concurrent with this new 
concern about ground-water contamination has been a rapid increase in 
ground-water use. Sol ley and others (1983), indicate a 22 percent 
increase in ground-water withdrawals in the United States between 1970 
and 1975, and a 7 percent increase between 1975 and 1980. According to 
Sol ley and others (1983), about 95 percent of a I I rural domestic water 
and 35 percent of public-supplied fresh drinking waters are obtained 
from ground-water sources.

In Oregon, about 30 percent of the public-supplied fresh water and 
about 85 percent of the rural domestic water come from ground-water 
sources (Sol ley and others, 1983; Murray, C. R., and Reeves, E. B., 
1977). Because many of the wells in Oregon are shallow lowland wells in 
alluvial deposits, they may be particularly susceptible to contamination 
from surface sources. Potential sources of ground-water contamination 
include natural sources such as elements dissolved from rock and soil, 
and man-made sources such as landfills, hazardous waste disposal sites, 
agricultural products including fertilizers and pesticides, and 
subsurface sewage disposal systems. The naturally-occurring 
contaminants that have been detected locally are arsenic, iron, and high 
concentrations of dissolved solids (saline water); recognized 
man-induced contaminants are nitrate and some organic compounds.

Purpose

This report summarizes Oregon ground-water quality conditions and 
determines if these conditions are related to hydrogeologic factors. 
The summary and analysis was done as part of the U.S. Geological 
Survey's national program to assess the impact of hazardous wastes on 
ground-water quality. Data are related to aquifer units, hydrologic 
units, and flow systems in an attempt to explain variations in the data. 
Areas where known natural or man-induced causes have affected 
ground-water quality are identified.

In order to produce results quickly, only existing data were used; 
no new data were collected. The requirement for the statistical 
analysis and mapping was that the data be computer accessible. No 
attempt was made to use data not accessible to the Geological Survey 
Oregon District computer.



Approach

Oregon's ground-water quality was appraised by using descriptive 
statistics computed from computer accessible data contained in the 
Geological Survey National Water Data Storage and Retrieval System 
(WATSTORE). Ground-water quality variations were explained by assigning 
water samples to a geologic unit source and these units were grouped 
into broader aquifer units. The aquifer units were used as class 
variables in an analysis of variance. Samples also were assigned 
hydrologic unit codes (drainage basin source) and similar statistical 
analyses were performed using hydrologic units as class variables.

One basin was singled out for application of an analytical approach 
dependent on the ground-water flow system. In the Rogue River basin, 
sites were classified according to type of flow system (local, 
intermediate, regional, or unknown), and according to position within a 
flow system (recharge area, intermediate area, discharge area, or 
unknown area). Analysis of variance was then used to determine whether 
these designations helped explain observed variations of the 
ground-water quality.

Indication of man's impact on ground-water quality was provided by 
an Oregon Department of Environmental Quality (DEQ) summary (1980) of 
areas with identified water-quality problems. The Geological Survey 
data were examined to see if the accessible data could substantiate 
identified problem areas, and to determine if analyses had been done for 
hazardous substances (complex organics and metals).

INFLUENCES ON GROUND-WATER QUALITY IN OREGON 

Natural Factors

Some of the obvious factors that influence ground-water quality 
are: the chemical composition and physical characteristics of 
precipitation; the mineral and organic composition of the soils and 
rocks; the quantity and type of gasses present; and the pH and 
temperature in the host environment. Other natural factors that impact 
ground-water quality are climate, physiography, geology and flow system 
geometry (fig. 1); brief discussions of some of these factors are 
presented below. More detailed discussions can be found in Freeze, R. 
A. and Cherry, J. A. (1979).

Most ground water originates as precipitation (fig. 2) which has 
infiltrated through a soil zone and eventually reaches a flow system in 
the subsurface. As this meteoric ground water moves from the recharge 
area to a discharge area it reacts with organic material and rocks in 
the subsurface and is chemically altered through a variety of 
geochemical processes.
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Some ground waters originate as water trapped in the formations at 
the time of deposition. This water, referred to as connate ground 
water, could be the source of some saline ground waters found in areas 
underlain by marine formations in western Oregon. Connate water is 
gradually being flushed from low-permeability marine formations by fresh 
meteoric ground waters circulating at shallow depths through these same 
formations.

In simple ground-water flow systems, that is, systems consisting of 
geologic materials that do not vary appreciably in permeability or in 
mineral composition with depth, the ground water should be characterized 
by higher concentrations of dissolved solids with increased depth in a 
flow system. This occurs because ground water, which has moved further 
along the flow path, generally has been in the flow system longer. 
Consequently, the deeper water has had more time to react chemically 
with the minerals and environment in the host rocks.

The highest concentrations of dissolved solids in a particular flow 
system generally will be found in the discharge area of that system, an 
area where all flow lines from different systems, deep and shallow, tend 
to converge within a relatively narrow distance. The convergence of 
flow lines in the discharge area may result in wide dissolved solids 
variation between wells that are geographically close but tap different 
systems.

In complex ground-water flow systems, waters of more than one 
chemical type may be found in discharge areas. The chemical type 
indicates the major (greater than 50 percent of the mi I IiequivaIents per 
liter) cations and anions, such as calcium bicarbonate and 
sodium-chloride type waters. This may be due to the merging of ground 
waters of different chemical composition derived from cross-formationaI 
flow between different geologic formations within the flow system.

Because the topography in Oregon is generally characterized by high 
local relief, the authors believe that most of Oregon ground-water flow 
system boundaries coincide with the overlying surface-water drainage 
basin boundaries. This implies that most ground water infiltrates the 
subsurface and eventually is discharged downgradient to surface water 
within the same basin. The length of time for ground water to move from 
the point of recharge to the point of discharge may range from a few 
days to several millenia depending upon the length and character of the 
flow path. The water may pass through several different formations or 
rock types. Reaction of the water with solutes in the unconsolidated 
material or reaction with consolidated rock will gradually change its 
composition. Coincidence of the surface-water basin boundaries with 
ground-water flow system boundaries at the subregional hydrologic unit 
level (fig. 3) allowed use of hydrologic unit as a classification 
variable for statistical analyses.

The selected Oregon hydrologic unit boundaries shown on figure 2 
are the surface-water drainage divides which generally include several 
major surface-water subbasins; therefore, within each of the hydrologic 
units there may be many separate ground-water flow systems.
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The above concept of Oregon ground-water flow systems probably is 
most accurate in regions similar to the Coast Range or the western 
Cascades which have naturally eroded, have large local relief, and are 
underlain by low permeability formations to great depths. In both 
regions, surface drainage basins as small as a few square miles probably 
are underlain by similar sized ground-water flow systems. These systems 
are characterized by areas of local, intermediate, and regional flow 
each with recharge and discharge areas.

The boundaries of ground-water flow systems in Oregon are least 
likely to conform with overlying surface-water basins in the High Lava 
Plains of central Oregon (fig. 4), an area with small local topographic 
relief underlain by formations having extremely variable permeability. 
It is believed that in this area the major ground-water flow systems are 
at least several hundred square miles in extent, having boundaries that 
do not conform exactly with the overlying surface-water drainage basins. 
In places, ground-water underflow between adjacent basins occurs.

Another region where ground-water flow system boundaries may not 
conform with the overlying surface-water drainage basin boundaries is 
the High Cascades (fig. 4). The High Cascade Range is a poorly 
dissected plateau-1 ike mountain range dominated by several strato 
volcanoes and underlain by thick basaltic and andesitic lavas, and 
pyroclastic debris. Recharge to the ground-water system is large, 
principally by direct infiltration of snowmeIt runoff. Because of the 
great local variation in permeability of the volcanic rocks, flow paths 
and directions are complex, and subsurface underflow between small and 
medium sized drainage basins probably is large. Several major springs 
dot the region and most of the ground water is eventually discharged to 
the Klamath and Deschutes River basins on the east or to western Oregon 
streams.

Ground-water pumpage from the Columbia River Basalt Group, in 
portions of the Deschutes-UmatiI I a Plateau (fig. 4), probably has 
significantly altered the positions of the ground-water basin boundaries 
from their natural predevelopment location. In that region some 
ground-water flow system boundaries therefore differ from the overlying 
surface-water basin boundaries because they have been altered by man's 
development of the aquifer system.

Folding and faulting of geologic formations can markedly affect the 
directions of ground-water flow. Folds and faults form barriers to flow 
or compartmentalize flow systems, and thereby indirectly affect 
ground-water quality. The tectonic map (fig. 5) shows the major 
geologic structures in the State.

In southeastern Oregon, the arid climate and the closed topographic 
basins of the Basin and Range region combine to create conditions where 
evaporation has resulted in the deposition of thin, soluble evaporite 
beds or concentrations of salts in shallow saline lakes in the numerous 
playas dotting the region.
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Man's Activities

The chemical quality of ground water can be altered directly or 
indirectly by man's activities and land-use practices. Such activities 
may include silviculture; construction; mining; agriculture; irrigation; 
industrialization; urbanization; injection of liquid wastes; burial of 
solid wastes and domestic wastes; application of fertilizers, 
herbicides, and pesticides; construction of waste lagoons, tailing 
piles, canals, and pipelines.

In addition to these types of activities, man can also alter 
ground-water flow patterns with ground-water pumpage or injection of 
liquids into the subsurface. These activities may result in the mixing 
of natural ground waters of different chemical composition or the 
addition of liquids that can improve or degrade ground-water quality. 
Pumping ground water can also induce flow from overlying or underlying 
aquifers or from surface waters. One example of this latter type of 
process is saltwater intrusion in coastal aquifers.

Man's influence on ground-water quality has been indent!fied and 
documented by the DEO in several areas. The DEO (1930) has described 
the following areas as having contamination problems:

(1) Clatsop Plains in coastal Clatsop County   The DEQ sampled wells 
in the area between 1969 and 1976. Though most wells had nitrate 
(as N) concentrations below 10 mg/L, there appeared to be a 
correlation between nitrate concentrations and housing density.

(2) East Multnomah County   Water from wells in unsewered areas in the 
central part of the county have nitrate levels considerably higher 
than water from wells in sewered areas. Higher nitrate 
concentrations were found in shallower wells.

(3) River Road - Santa Clara, Lane County   Subsurface sewage-disposal 
systems are suspected of degrading water quality in a shallow 
aquifer.

(4) La Pine, Deschutes County   Degradation of shallow aquifers by
suspected subsurface sewage disposal. A limited number of samples 
show high nitrate concentrations.

(5) Mi I ton-Freewater, UmatiI la County   A sand and gravel operation
utilizing wash-water disposal ponds caused increased turbidity in 
downgradient domestic wells.

(6) La Grande, Union County   Owners of shallow domestic wells have
complained of oil contamination. Sources of contamination are dry 
wells receiving storm water from shopping areas, subdivisions, and 
railroad refueling facilities.

11



(7) Turner, Marion County   A lumber company disposed of wood waste in 
an abandoned gravel pit. Leachates from the pit caused 
contamination of downgradient domestic wells. Lignin - tannin 
concentrations were as high as 7.5 mg/L, and the organic acids 
caused iron and manganese concentrations to be as high as 13 mg/L 
and 106 mg/L, respectively.

These examples are some of the known and documented contamination 
problems that have resulted from different land-use activities. In 
almost every case, the greatest impact has been on ground waters in 
shallow alluvial deposits.

HYDROGEOLOGY

Most geologic formations in Oregon are capable of yielding at 
least small quantities of potable water to wells provided the formation 
is saturated and sufficiently thick. Recently, McFarland (1982) and 
Gonthier (in press, 1984) have grouped geologic units in Oregon into ten 
principal aquifer units. Each principal aquifer unit generally includes 
a few to several separate geologic formations that are logically grouped 
according to similarities in lithologic, hydrogeologic, and geologic 
characteristics. Water wells in most of Oregon average less than 200 
feet in depth and they tend to exhibit a clumpy areal distribution; 
consequently, in many parts of the State there is little hydrogeologic 
information for most geologic formations.

The major aquifer units delineated by McFarland (1982) and 
informally named in western Oregon are the; Mesozoic-Paleozoic rocks of 
the Klamath Mountains, Tertiary marine rocks of the Coast Ranges, 
Columbia River Basalt Group, Tertiary volcanic rocks of the Western 
Cascades, Quaternary-Tertiary volcanics of the High Cascades, and 
Quaternary-Tertiary sedimentary rocks. East of the crest of the Cascade 
Range in eastern Oregon, Gonthier (in press, 1984) similarly grouped the 
geologic units into the: Igneous and metamorphic aquifers; Older 
volcanic aquifers; Basalt aquifers; Volcanic and sedimentary aquifers; 
Sedimentary aquifers; and the Basin-fill alluvial aquifers. McFarland's 
Columbia River Basalt Group unit and Gonthier's Basalt aquifers in the 
north half of the State are stratigraphicaI Iy equivalent. In the 
southeastern corner of the State, geologic units included Gonthier T s 
Basalt aquifer are probable time equivalents, but are not as uniform 
IithologicaI Iy as they are in the north. The Volcanic and sedimentary 
aquifers and the Quaternary-Tertiary volcanics of the High Cascades are 
a I so more or less equivalent stratigraphicaI Iy and Ii thologica My. 
Tables 1 and 2 give a general description of each aquifer in western and 
eastern Oregon, respectively. Table 3 summarizes physiographic 
information for these regions.

12



Ta
bl
e 

1
.
 
A
q
u
i
f
e
r
 
un

it
s 

of
 
we

st
er

n 
Or

eg
on

 

[
M
o
d
i
f
i
e
d
 
fr
om
 
Mc

Fa
rl

an
d,

 
19
82
]

Aq
ui
fe
r 

un
it
 

Li
th
ol
og
ic
 
de
sc
ri
pt
io
n 

Ex
po
su
re
 

W
a
t
e
r
-
b
e
a
r
i
n
g
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s

Q
u
a
t
e
r
n
a
r
y
-
T
e
r
t
i
a
r
y
 

Sa
nd

, 
gr
av
el
, 

an
d 

si
lt

, 
un
co
ns
oI
id
at
ed
 
to

 
Al
lu
vi
um
 
oc
cu
rs
 
al
on
g 

st
re
am
s 

P
e
r
m
e
a
b
i
l
i
t
y
 
g
e
n
e
r
a
l
l
y
 
hi

gh
; 

ho
we
ve
r,
 
la

ss
S
e
d
i
m
e
n
t
a
r
y
 

c
o
n
s
o
l
i
d
a
t
e
d
;
 
so
me

 
we

at
he

re
d 

ba
sa
lt
 
an
d 

an
d 

ri
ve
rs
, 

mo
st
 
e
x
t
e
n
s
i
v
e
l
y
 

pe
rm
ea
bl
e 

fi
ne
 
ma

te
ri

al
 

is
 
co

mm
on

ly
 
in
te
rl
ay
er
ed
 

de
po

si
ts

 
(I

) 
py
ro
cl
as
ti
c 

ro
ck
s 

ar
e 

al
so

 
in

cl
ud

ed
. 

in
 
th

e 
W
i
I
l
a
m
e
t
t
e
 
Va

ll
ey

. 
wi

th
 
go

od
 
aq
ui
fe
rs
. 

We
ll
s 

yi
el

d 
mo
re
 
th

an
Be
ac
h 

an
d 

du
ne
 
sa
nd
 
oc

cu
r 

2,
00
0 

ga
l/

mi
n 

in
 
so
me
 
ar
ea
s,
 
bu

t 
av
er
ag
e 

le
ss
 

al
on
g 

th
e 

Pa
ci
fi
c 

co
as

t,
 

th
an

 
30
0 

ga
l/

mi
n.

 
Mo

st
 
pr
od
uc
ti
ve
 
a
q
u
i
f
e
r
 

an
d 

vo
lc

an
ic

 
ro
ck
s 

ar
e 

un
it

 
in
 
we

st
er

n 
Or

eg
on

, 
lo

ca
li

ze
d 

ar
ou
nd
 
so

ur
ce

 
ve

nt
s 

ne
ar
 
Po
rt
la
nd
.

Vo
lc

an
ic

 
ro
ck
s 

of
 

An
de

si
te

 
an
d 

ba
sa

lt
, 

fl
ow

 
an
d 

p
y
r
o
c
l
a
s
t
i
c
 

Fo
rm

 
th

e 
cr

es
t 

of
 
th
e 

Ca
sc
ad
e 

La
rg

el
y 

un
kn

ow
n.

 
Av

ai
la

bl
e 

da
ta

 
in

di
ca

te
th
e 

Hi
gh
 
Ca
sc
ad
e 

ro
ck

s.
 

Ra
ng

e.
 

va
ri
ab
le
 
pe
rm
ea
bi
li
ty
. 

We
ll

 
yi
el
ds
 
ra

ng
e 

fr
om

Ra
ng
e 

(I
I)
 

a 
fe
w 

ga
ll
on
s 

pe
r 

mi
nu
te
 
to

 
30
0 

ga
l/
mi
n.
 

Sp
ri

ng
s

La
rg

el
y 

un
kn

ow
n.

 
Av

ai
la

bl
e 

da
ta

 
in

di
ca

te
 

va
ri
ab
le
 
pe
rm
ea
bi
li
ty
. 

We
ll

 
yi
el
ds
 
ra

ng
e 

a 
fe
w 

ga
ll
on
s 

pe
r 

mi
nu
te
 
to

 
30
0 

ga
l/
mi
n.
 

is
su

in
g 

fr
om
 
th
e 

un
it

 
ar
e 

co
mm
on
ly
 
la
rg
e.

Vo
lc

an
ic

 
ro
ck
s 

of
 

An
de
si
te
, 

ba
sa
lt
, 

an
d 

da
ci

te
; 

ol
de
r 

ro
ck
s 

Fo
rm

 
th
e 

we
st

er
n 

sl
op
e 

of
 

P
e
r
m
e
a
b
i
l
i
t
y
 

is
 
g
e
n
e
r
a
l
l
y
 
lo

w;
 
ho

we
ve

r,
 
fr
ac
tu
ri
ng
 

th
e 

We
st
er
n 

Ca
sc

ad
e 

ar
e 

do
mi
na
nt
ly
 
v
o
l
c
a
n
i
c
I
a
s
t
i
c
 
an
d 

yo
un

ge
r 

Ra
ng
e.
 

ma
y 

fo
rm
 
lo

ca
li

ze
d 

pe
rm

ea
bl

e 
zo
ne
s.
 

We
ll
 
yi
el
ds
 

Ra
ng
e 

(I
II

) 
ro
ck
s 

ar
e 

al
mo
st
 
en
ti
re
ly
 
fl

ow
 
m
a
t
e
r
i
a
l
.
 

ma
y 

re
ac
h 

10
0 

ga
l/
mi
n,
 
bu

t 
av
er
ag
e 

le
ss

 
th

an
20
 
ga

I/
mi

 n
.

Co
lu
mb
ia
 
Ri

ve
r 

Ba
sa
lt
 

Ba
sa
lt
; 

d
i
s
t
i
n
c
t
i
v
e
 
co

lu
mn

ar
 
jo

in
ti

ng
 
an

d 
Cr

op
s 

ou
t 

al
on
g 

th
e 

we
st
er
n 

an
d 

Ov
er

al
l 

pe
rm
ea
bi
li
ty
 
lo

w,
 
bu
t 

in
te
rf
lo
w 

zo
ne

s 
Gr
ou
p 

(I
V)
 

fr
ac
tu
re
d 

in
te
rf
lo
w 

zo
ne

s.
 

ea
st
er
n 

ed
ge

s 
of
 
th
e 

no
rt

he
rn

 
an
d 

sc
or

ia
ce

ou
s 

fl
ow

 
to

ps
 
ar
e 

re
la
ti
ve
ly

Wi
Il
am
et
te
 
Va
ll
ey
 
an
d 

al
on

q 
pe

rm
ea

bl
e.

 
De

ns
e,

 
po
or
ly
 
pe
rm
ea
bl
e 

fl
ow

 
ce
nt
er
s 

th
e 

Co
lu

mb
ia

 
Ri

ve
r 

as
 
fa
r 

we
st

 
ma
y 

li
mi

t 
re
ch
ar
ge
. 

Yi
el
ds
 
ma

y 
ex
ce
ed
 
1,

00
0 

as
 
th
e 

Pa
ci

fi
c 

Oc
ea

n.
 

Fo
rm
s 

ga
l/
mi
n,
 
bu
t 

ar
e 

t
y
p
i
c
a
l
l
y
 
le
ss
 
th

an
 
10
0 

ga
l/
mi
n.
 

St
ru
ct
ua
l 

ba
si

ns
 
be
ne
at
h 

th
e 

no
rt

he
rn

 
Wi
Il
am
et
te
 
Ve

ll
ey

.

Ma
ri

ne
 
ro
ck
s 

of
 
th

e 
Sa

nd
st

on
e,

 
si

lt
st

on
e,

 
an
d 

mu
ds

to
ne

, 
Ma
ri
ne
 
se
di
me
nt
ar
y 

ro
ck
s 

fo
rm
 

P
e
r
m
e
a
b
i
l
i
t
y
 
lo
w.
 

We
ll

 
yi
el
ds
 
ar
e 

ge
ne

ra
ll

y 
Co
as
t 

Ra
ng

e 
(V

) 
c
o
m
m
o
n
l
y
 
tu
ff
ac
eo
us
; 

in
tr

us
iv

e 
mo

st
 
of
 
th
e 

Co
as

t 
Ra
ng
e.
 

le
ss

 
th

an
 
10

 
ga
l/
mi
n.
 

ro
ck

s.
 

Ma
ri
ne
 
vo

lc
an

ic
 
ro
ck
s 

ar
e

ab
un

da
nt

 
in

 
th

e 
no

rt
he

rn
 

pa
rt

 
of
 
th
e 

ra
ng
e.
 

In
tr
us
iv
e 

ro
ck

s 
fo
rm
 
so
me
 

of
 
th
e 

hi
gh
es
t 

pe
ak

s 
in

 
th
e 

Co
as
t 

Ra
ng

e.

Gr
an
it
e 

sa
pr
ol
it
e 

of
 

Sa
pr
ol
it
e 

de
ri

ve
d 

fr
om
 
gr

an
it

e 
in

tr
us

iv
e 

Sa
pr
ol
it
e 

oc
cu
rs
 
mo

st
 

Pe
rm
ea
bi

li
ty
 
is

 
hi
gh
 
re
la
ti
ve
 
to

 
su
rr
ou
nd
in
g 

th
e 

K
l
a
m
a
t
h
 

ro
ck

s;
 
de
gr
ee
 
of

 
w
e
a
t
h
e
r
i
n
g
 
va
ri
ab
le
. 

e
x
t
e
n
s
i
v
e
l
y
 
ne

ar
 
Gr

an
ts

 
ge

ol
og

ic
 
un

it
s.

 
Th
e 

qu
an
ti
ty
 
of

 
wa
te
r 

Mo
un

ta
in

s 
(V
I)
 

Pa
ss

, 
Or

eg
on

 
an
d 

Ev
an

s 
av
ai
la
bl
e 

is
 
d
e
p
e
n
d
e
n
t
 
on

 
th
e 

ex
te
nt
 
of

Cr
ee

k 
in

 
th
e 

Kl
am

at
h 

Mo
un
ta
in
s.
 

we
at
he
ri
ng
 
an
d 

fr
ac

tu
ri

ng
. 

We
ll

s 
ma

y 
yi
el
d

Ex
te
nt
 
of
 
we
at
he
ri
ng
 
va
ri
ab
le
, 

as
 
mu

ch
 
as
 
50

 
ga
l/
mi
n.

Gr
an
it
ic
 
ro
ck
s 

cr
op
 
ou

t 
as

ir
re

gu
la

r 
ma

ss
es

 
t
h
r
o
u
g
h
o
u
t

th
e 

Kl
am

at
h 

Mo
un

ta
in

s.

M
e
s
o
z
o
i
c
-
P
a
l
e
o
z
o
i
c
 

Sa
nd

st
on

e,
 
si

lt
st

on
e,

 
gr
ay
wa
ck
e,
 

Un
de

rl
ie

 
en
ti
re
 
Kl

am
at

h 
Mo

un
ta

in
 

P
e
r
m
e
a
b
i
l
i
t
y
 

is
 
lo

w.
 

We
 I 

I 
yi
el
ds
 
ar
e 

t
y
p
i
c
a
l
l
y
 

be
dr
oc
k 

of
 
th

e 
co
ng
lo
me
ra
te
, 

an
d 

sh
al
e 

wi
th

 
so
me
 

ar
ea

, 
wi

th
 
th

e 
e
x
c
e
p
t
i
o
n
 
of
 

le
ss

 
th
an
 

10
 
ga
l/
mi
n.
 

Kl
am
at
h 

Mo
un

ta
in

s 
a
n
d
e
s
i
t
i
c
 
fl
ow
s,
 
ag
gl
om
er
at
e,
 
an
d 

th
e 

sa
pr
ol
it
e 

m
e
n
t
i
o
n
e
d
 
ab

ov
e.

 
(V

II
) 

tu
ff

. 
M
e
t
a
s
e
d
i
m
e
n
t
a
r
y
 
an
d

m
e
t
a
v
o
l
c
a
n
i
c
 
ro
ck
s 

ar
e 

co
mm

on
.



Ta
bl

e 
2
.
-
-
A
q
u
i
f
e
r
 
un
it
s 

of
 
ea
st
er
n 

Or
eg
on
 

[^
Mo

di
fi

ed
 
fr
om
 
Go
nt
hi
er
, 

19
84
1

Aq
ui

fe
r 

un
it
 

Li
th
ol
og
ic
 
de
sc
ri
pt
io
n 

Ex
po
su
re
 

W
a
t
e
r
-
b
e
a
r
i
n
g
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s

Ba
si
n-
fi
ll
 
an
d 

Cl
ay

, 
si

lt
, 

gr
av

el
, 

pu
mi

ce
, 

as
h,
 
di
at
om
it
e,
 

De
li
ne
at
ed
 

in
 
so

ut
h 

ha
lf

 
of
 
ar

ea
 

Be
ds

 
of
 
sa

nd
, 

gr
av

el
, 

ci
nd

er
s 

or
 
po
ro
us

al
lu

vi
al

 
a
q
u
i
f
e
r
s
 

so
me
 
ev

ap
or

it
e 

an
d 

ba
sa

lt
; 

u
n
c
o
n
s
o
l
i
d
a
t
e
d
 

wh
er

e 
it

 
un
de
rl
ie
s 

an
d 

o
u
t
l
i
n
e
s
 

ba
sa
lt
 
in
te
rf
lo
w 

zo
ne

s 
ar

e 
hi

gh
ly

 
pe

rm
ea

bl
e 

to
 
se

mi
co

ns
ol

id
at

ed
. 

In
cl
ud
es
 
al

lu
vi

al
 

fl
oo
rs
 
of
 
st

ru
ct

ua
l 

an
d 

an
d 

ar
e 

e
x
c
e
l
l
e
n
t
 
aq
ui
fe
rs
. 

Ma
jo
r 

aq
ui
fe
r 

la
cu

st
ri

ne
 
ae
ol
ia
n,
 
py
ro
cl
as
ti
c,
 
an
d 

to
po
gr
ap
hi
c 

ba
si
ns
 
of
 
th
e 

Ba
si

n 
un

it
 
in

 
Ha

rn
ey

 
Ba

si
n,

 
Fo

rt
 
Ro
ck
-C
hr
is
ti
na
s 

pe
di
me
nt
 
de
po
si
ts
. 

No
t 

re
ad
il
y 

d
i
f
f
e
r
e
n
-
 

an
d 

Ra
ng
e 

re
gi

on
 
(f
ig
. 

4)
. 

Va
ll
ey
, 

Kl
am
at
h 

Fa
ll

s 
an
d 

L
a
k
e
v
i
e
w
 
ar

ea
s,

 
ti
at
ed
 
fr

om
 
ol
de
r 

Ce
no

zo
ic

 
ve
rs
us
 
pl

ay
a 

Lo
we
st
 
pa

rt
s 

of
 
so
me
 
ba
si
ns
 

de
po

si
ts

 
(Q

p'
 
in

cl
ud

ed
. 

ha
ve
 
pl
ay
as
 
wh
er
e 

so
lu

bl
e

e
v
a
p
o
r
i
t
e
 
de

po
si

ts
 
ma
y 

ha
ve
 

ac
cu
mu
la
te
d.

Se
di
me
nt
ar
y 

aq
ui
fe
rs
 

Cl
ay

, 
si
lt
, 

sa
nd
, 

gr
av
el
, 

co
ng
lo
me
ra
te
, 

Ma
pp

ed
 

in
 
no
rt
h 

ha
lf
 
of
 
ar

ea
 

in
 

S
i
g
n
i
f
i
c
a
n
t
 
aq
ui
fe
r 

un
it

 
wh
er
e 

e
x
t
e
n
s
i
v
e

pu
mi
ce
, 

p
y
r
o
c
l
a
s
t
i
c
 
de

po
si

ts
 
so
me
 
ba
sa
lt
 

De
sc

hu
to

s-
Um

at
iI

 I
 a
 
Pl

at
ea

u 
sa
tu
ra
te
d 

co
ar
se
 
gr
ai
ne
d 

d
e
p
o
s
i
t
s
 
ar
e 

pr
es

en
t,

an
d 

an
de
si
te
. 

Un
co
ns
ol
id
at
ed
 
to

 
wh
er
e 

it
 
ge

ne
ra

ll
y 

ov
er
li
es
 

Hy
dr
au
li
c 

co
nn
ec
ti
on
 
wi
th
 
o
v
e
r
l
y
i
n
g
 
su
rf
ac
e

co
ns
ol
id
at
ed
. 

In
cl
ud
e 

al
lu
vi
al
, 

Co
lu

mb
ia

 
Ri

ve
r 

Ba
sa
lt
 
Gr

ou
p.

 
wa
te
r 

ge
ne

ra
ll

y 
ex
ce
ll
en
t.
 

Go
od

 
aq

ui
fe

r
la

cu
st

ri
ne

, 
ae

ol
ia

n,
 
gl

ac
ia

l 
an
d 

In
 
n
o
r
t
h
e
a
s
t
 
Or
eg
on
 
ne
ar
 
Fl

or
a 

in
 
H
e
r
m
i
s
t
o
n
-
B
o
a
r
d
m
a
n
 
ar
ea
, 

Mi
 I
to

n-
Fr

ee
wa

te
r,

py
ro
cl
as
ti
c 

de
br
is
 
de
po
si
ts
. 

so
me
 
un
sa
tu
ra
te
d 

ba
sa
lt
 
of
 
th
e 

Gr
an

de
 
Ro

nd
e 

Va
ll
ey
, 

Ba
ke

r 
Va

ll
ey

, 
En

te
rp

ri
se

,
Co
lu
mb
ia
 
iv

er
 
Ba
sa
lt
 
Gr
ou
p 

is
 

Ty
gh
 
Va
ll
ey
 
an

d 
Pr
in
ev
il
le
. 

i n
cI
ud
ed
 

in
 
un
it
.

Vo
lc
an
ic
 
an
d 

Ba
sa
lt
, 

an
de
si
te
, 

tu
ff
, 

tu
ff
ac
eo
us
 

Hi
gh

 
Ca

sc
ad

es
 
an
d 

so
ut
he
rn
 
ha

lf
 

Si
gn
if
ic
an
t 

aq
ui
fe
r 

un
it
, 

e
s
p
e
c
i
a
l
l
y
 

in
 
st
ru
ct
ur
al
 

se
di
me
nt
ar
y 

aq
ui
fe
rs
 

se
di

me
nt

s,
 
cl
ay
, 

si
lt

, 
sa

nd
, 

gr
av

el
, 

of
 
ar

ea
. 

In
cl
ud
es
 
ro
ck
s 

an
d 

to
po

gr
ap

hi
c 

ba
si
ns
 
wh
er
e 

th
is

 
un
it
 
an
d 

di
at

om
it

e,
 
py

ro
cl

as
ti

c,
 
de

po
si

ts
 
an
d 

de
ri

ve
d 

fr
om
 
nu
me
ro
us
 
vo

lc
an

ic
 

ov
er

ly
in

g 
Qs

 
ar
e 

pr
es

en
t 

an
d 

hy
dr

au
Ii

ca
I 

Iy
 

in
tr
us
iv
e 

ro
ck

s.
 

Un
co
ns
ol
id
at
ed
 
to

 
ve

nt
 
sy

st
em

s.
 

In
di
vi
du
al
 

in
te
rc
on
ne
ct
ed
, 

co
ns
ol
id
at
ed
. 

In
 
up
la
nd
s 

su
ch
 
as

 
de

po
si

ts
 
co

mm
on

ly
 
lo

ca
l 

to
 

Ca
sc
ad
es
 
fl

ow
 
ro

ck
s 

pr
ed

om
in

at
e 

wh
er
ea
s 

su
br

eg
io

na
l 

in
 
ex

te
nt

, 
in
 
lo

wl
an

ds
 
v
o
l
c
a
n
i
c
l
a
s
t
i
c
 
m
a
t
e
r
i
a
l
s
 

g
e
n
e
r
a
l
l
y
 
ar
e 

pr
ed

om
in

an
t.

Tc
r 

- 
Ba
sa
lt
 
aq
ui
fe
rs
 

Ba
sa
lt
 
an
d 

ba
sa

lt
ic

 
an
de
si
te
, 

so
me
 

In
 
so
ut
he
as
te
rn
 
qu
ar
te
r 

of
 
ar

ea
 

In
 
no
rt
he
as
te
rn
 
Or

eg
on

 
th
e 

Co
lu

mb
ia

 
Ri
ve
r 

Ba
sa
lt

s
e
d
i
m
e
n
t
a
r
y
 
in
te
rb
ed
s,
 
tu
ff
 
an
d 

se
ve

ra
l 

fo
rm

at
io

ns
, 

pr
ob

ab
le

 
Gr

ou
p 

is
 
a 

ma
jo

r 
in

te
rs

ta
te

 
re

gi
on

al
 
aq

ui
fe

r
fl
ow
 
br
ec
ci
a.
 

In
 
so
ut
he
as
te
rn
 
Or
eg
on
 

e
q
u
i
v
a
l
e
n
t
s
 
of
 
th
e 

Co
lu

mb
ia

 
sy

st
em

. 
In

 
Mo
rr
ow
 
an
d 

Um
at

il
la

 
Co

un
ti

es
 
pu

mp
ag

e
un

it
 
al

so
 
in

cl
ud

es
 
rh

yo
li

te
 
an
d 

da
ci
te
 

Ri
ve
r 

Ba
sa

lt
 
Gr

ou
p 

of
 

fo
r 

ir
ri
ga
ti
on
 
ha

s 
re
su
lt
ed
 

in
 
re

gi
on

al
 
wa
te
r

fl
ow
s 

an
d 

br
ec
ci
a.
 

no
rt

he
rn

 
Or

eg
on

, 
ar
e 

in
cl
ud
ed
 

le
ve

l 
de
cl
in
es
. 

La
rg

el
y 

un
de
ve
lo
pe
d 

in
in
 
th

is
 
un
it
. 

re
ma

in
de

r 
of
 
ar

ea
.

Tj
c 

- 
Ol
de
r 

vo
lc

an
ic

 
An

de
si

te
 
an
d 

da
ci
te
 
fl

ow
s,

 
br
ec
ci
a 

an
d 

Ce
nt

ra
l 

pa
rt

 
of
 
ar

ea
, 

Bl
ue

 
G
e
n
e
r
a
l
l
y
 
a 

po
or

 
aq

ui
fe

r 
un

it
 
c
a
p
a
b
l
e
 
of

 
yi

el
di

ng
 

aq
ui

fe
rs

 
v
o
l
c
a
n
i
c
l
a
s
t
i
c
 
ro

ck
; 

tu
ff
ac
eo
us
 
mu
ds
to
ne
, 

Mo
un
ta
in
s,
 
La

ke
vi

ew
 
ar

ea
. 

sm
al
l 

am
ou
nt
s 

of
 
wa
te
r 

su
it

ab
le

 
fo
r 

do
me
st
ic
 

si
lt

st
on

e,
 
sa

nd
st

on
e 

an
d 

co
ng
lo
me
ra
te
, 

P
a
i
s
l
e
y
 
Hi

ll
s,

 
Al
vo
rd
 
Va

ll
ey

. 
or
 
st
oc
k 

us
e.
 

rh
yo

li
ti

c 
to

 
da
ci
ti
c 

tu
ff

s.
 

Se
mi
- 

Ex
po

su
re

s 
ma
pp
ed
 
as

 
Tc

j 
in

 
c
o
n
s
o
l
i
d
a
t
e
d
 
to
 
co
ns
ol
id
at
ed
. 

so
ut

he
rn

 
pa

rt
 
of
 
ar

ea
 
ar
e

pr
ob

ab
ly

 
e
q
u
i
v
a
l
e
n
t
 
to
 

C
l
a
r
n
o
-
J
o
h
n
 
Da
y 

Fo
rm
at
io
n 

of
 
Ce

nt
ra

l 
Or
eg
on
.

Ig
ne

ou
s 

an
d 

Se
di

me
nt

s,
 
vo

lc
an

ic
 
an
d 

ig
ne
ou
s 

ro
ck

s;
 

Bl
ue

 
Mo

un
ta

in
s,

 
Wa

ll
ow

a 
Ge

ne
ra

ll
y 

a 
po

or
 
aq

ui
fe

r 
un
it
 
ca

pa
bl

e 
of

 
yi

el
di

ng
m
e
t
a
m
o
r
p
h
i
c
 
aq
ui
fe
rs
 

mo
st
ly
 
m
e
t
a
m
o
r
p
h
o
s
e
d
.
 

La
rg
e 

va
ri
et
y 

Mo
un
ta
in
s,
 
Sn

ak
e 

Ri
ve

r 
Ca
ny
on
 

sm
al
l 

qu
an
ti
ti
es
 
of

 
wa

te
r.

 
La
rg
el
y 

un
us
ed

of
 
ro

ck
 
ty
pe
s 

an
d 

nu
me

ro
us

 
se

pa
ra

te
 

an
d 

Pu
eb
lo
 
Mo
un
ta
in
s.
 

be
ca

us
e 

it
 
ou
tc
ro
ps
 
on

ly
 

in
 
sp

ar
se

ly
 
po

pu
la

te
d

fo
rm

at
io

ns
. 

m
o
u
n
t
a
i
n
o
u
s
 
te
rr
ai
n.



Ta
bl

e 
3
.
 
S
u
m
m
a
r
y
 
of
 
f
e
a
t
u
r
e
s
 
of
 
p
h
y
s
i
o
g
r
a
p
h
i
c
 
r
e
g
i
o
n
s
 
of
 
O
r
e
g
o
n

P
h
y
s
io

g
ra

p
h
ic

 
s
u

b
d

iv
 i
s
io

n
s

C
o

a
s
t 

R
an

ge

T
he

 
W

i 
1 
la

m
e
tt
e
 

V
a 

1 
le

y

K
la

m
a

th
 

M
o
u
n
ta

in
s

C
a

sc
a

d
e

 
R

a
n
g
e

D
e
s
c
h
u
te

s
-U

m
a
ti
 1

 l
a

P
la

te
a

u

T
he

 
B

lu
e

 
M

o
u

n
ta

in
s

T
he

 
H

ig
h

 
l.a

va
P

la
in

T
he

 
B

a
s
in

 
a
n
d
 

R
an

ge

T
he

 
O

w
yh

ee
 

U
p
la

n
d

A
lt
it
u

d
e

 
L

a
n

d
fo

rm
s
 

(r
a

n
g

e
 

a
n

d
 

fe
e

t)

H
a

tu
re

 l
y
 

d
is

s
e
c
te

d
 

M
ax

 
4
,0

9
8

h
u
m

id
 

lo
w

 
m

o
u
n
ta

in
s
 

M
in

 
0

A
vg

 
c
re

s
t 

1 
,4

7
5

B
ro

a
d

 
a
ll
u
v
ia

l 
p
la

in
 

M
ax

 
39

4 
a

t
in

 
s
o
u
th

e
rn

 
p

a
rt

. 
s
o
u
th

e
rn

 
e

n
d

,
P

la
in

s
 

in
 

n
o
rt

h
e
rn

 
s
lo

p
e

s
 

g
e

n
tl
y

p
a
rt

 
c
u

t 
b

y 
g
e
n
tl
y
 

n
o

rt
h

w
a

rd
 

to
ro

l 
1 
in

g
 

h
i 

1 
Is

. 
le

s
s
 

th
a
n
 

30

R
u
g
g
e
d
 

m
a

tu
re

ly
 

M
ax

 
7
,5

3
0

d
is

s
e
c
te

d
 

h
u

m
id

 
M

in
 

0
m

o
u

n
ta

in
s
, 

ri
d
g
e
s

tr
e
n
d
 

n
o

rt
h

e
a

s
t 

to
s
o
u
th

w
e
s
t.

R
u
g
g
e
d
 

n
o
rt

h
-s

o
u
th

 
M

ax
 

1
1

,2
3

5
v
o

lc
a

n
ic

 
ra

n
g
e
 

g
e

n
e

ra
l 

le
v
e

l
s
u
b
d
iv

id
e
s
 

O
re

g
o

n
 

2
,9

5
0
 

to
 

4
,9

0
0

in
to

 
e

a
s
t 

a
n
d
 

w
e

s
t

p
a

rt
s
. 

W
e

s
te

rn

m
a
tu

re
ly

 
d
is

s
e
c
te

d
.

H
ig

h
 

C
a

sc
a

d
e

s 
a
re

h
a
ve

 
s
e

v
e

ra
l 

yo
u
n
g

s
tr

a
to

-v
o
l 

ca
n

o
e

s
th

a
t 

ri
s
e

 
a

b
o

ve
 

an
u

n
d

is
s
e

c
te

d
 

ro
l 

1 
in

g
la

v
a
 

c
o
v
e
re

d
p 

1 a
t 
fo

rm
 .

n
o
rt

h
w

a
rd

 
an

d 
is

 
M

in
 

33
0

d
e

e
p

ly
 
d

is
s
e

c
te

d
a

t 
ir
re

g
u
la

r
in

te
rv

a
ls

 
b

y 
n

o
rt

h
f 

lo
w

in
g
 

s
tr

e
a

m
s
 .

In
c
lu

d
e
s
 

d
e

e
p

ly
 

M
ax

 
9
,8

4
0

d
is

s
e
c
te

d
 

p
la

te
a

u
s
, 

M
in

 
1
,3

0
0

a
ll
u
v
ia

l 
b
a
s
in

s
, 

g
e

n
e

ra
l 

3
,2

0
0

ru
g
g
e
d
 

m
o

u
n

ta
in

s
;

g
e

n
e

ra
 1 

1 y
 

is
s
te

e
p
 1 

y 
s 

1 o
p 

i n
g 

.

P
la

in
 

b
ro

k
e
n
 

b
y 

M
ax

 
7
,9

8
6

lo
w

 
b

u
tt

e
s
 

o
r 

M
in

 
3
,2

8
0

lo
w

 
fa

u
lt
 

s
c
a

rp
s
. 

Fe
w

 
p

e
re

n
 n

 i 
a 

1
s
tr

e
a
m

s
.

L
o
n
g
, 

n
a
rr

o
w

, 
M

ax
 

3
,8

5
0

a
s
y
m

m
e

tr
ic

a
l 

M
in

 
3
,9

3
0

ri
d
g
e
s
 

b
o
u
n
d
e
d
 

b
y

s
te

e
p
 

h
ig

h
 

fa
u

lt

b
y 

f 
la

t-
f 

lo
o

re
d

s
e
d
im

e
n
t 

f 
i 

1 
le

d
b

a
s
in

s
 

a
n
d
 

p
la

y
a

s
.

C
lo

s
e
d
 

b
a
s
in

s
 

a
n
d

in
te

rn
a

l 
d
ra

in
a
g
e
s

a
re

 
co

m
m

on
 .

P
la

te
a
u
, 

ro
u
g
h
 

an
d 

M
ax

 
6
,3

9
0
 

u
n
e
v
e
n
, 

1 o
ca

 1 
ly

 
M

in
 

2
, 

10
0

d
e
e
p
 1 

y 
d
is

s
e
c
te

d
 .

R
e 

1 
i e

 f
 

( 
1 o

ca
 1 

) 
fe

e
t 

R
o
ck

 
ty

p
e

s

T
y
p
ic

a
l 

6
5
0
 

T
e
rt

ia
ry

 
m

a
ri
n
e
 

s
e

d
im

e
n

ts
,

s
il
ts

to
n
e
, 

s
a

n
d

s
to

n
e

,
so

m
e 

s
h

a
le

, 
s
u
b
m

a
ri
n
e

b
a
s
a
lt
.

L
o

c
a

l 
15

 
U

n
c
o

n
s
o

li 
d
a
te

d
 

to
16

0 
to

 
33

0 
to

 
se

m
i c

o
n
 s

o
l 

Id
a
 t
e
d

a
t 

m
a

rg
in

s
 

a
ll
u
v
iu

m
 

u
n

d
e

rl
a

in
 

b
y

s
a
n
d
s
to

n
e
 

an
d 

m
u
d
s
to

n
e
s
.

S
om

e 
b
a
s
a
lt
 

in
c
lu

d
e

d
in

 
n
o
rt

h
e
rn

 
h
a
lf
 

o
f

v
a

l 
le

y
.

L
o

c
a

l 
1
,9

0
0
 
to

 
4
,9

0
0
 

M
e
s
o
z
o
ic

 
ig

n
e
o
u
s
,

v
o
lc

a
n
ic

 
a
n
d

s
e

d
im

e
n

ta
ry

 
ro

c
k
,

m
o
s
tl
y
 

m
e
ta

m
o
rp

h
o
s
e
d
,

so
m

e 
g
ra

n
it
e
 

an
d

a 
1 

1 u
v 

i u
rn

 .

W
e
s
te

rn
 

C
a
sc

a
d
e
s 

W
e
st

e
rn

 
C

a
sc

a
d
e
s 

h
a
ve

6
5
0
 

to
 

1
,6

0
0
 

T
e

rt
ia

ry
 

v
o
lc

a
n
ic

H
ig

h
 

C
a
sc

a
d
e
s 

ro
c
k
s
 

in
c
lu

d
in

g
4
,9

0
0
 

a
n
d
 

m
o
re

 
a

n
d

e
s
it
e

 
a
n
d
 

b
a

s
a

lt
lo

c
a

l 
ly

 
w

it
h
 
tu

ff
 

an
d

a
g
g
lo

m
e
ra

te
s
 

h
y
d

ro
th

e
rm

a
l 

ly
 
a

lt
e

re
d

.
H

ig
h

 
C

a
sc

a
d

e
s 

a
re

 
m

o
s
tl
y

C
e
n
o
z
ic

 
v
o

lc
a

n
ic

 
an

d
p

y
ro

c
la

s
ti
c
 

ro
c
k
s
 

o
f

a
n

d
e

s
it
ic

 
a
n
d
 

b
a
s
a
lt
ic

c
o
m

p
o
s
it
io

n
.

B
a

s
a

lt
 

w
it
h
 

a
l 
lu

v
ia

l

L
o
c
a
l 

re
li
e
f 

so
m

e 
s
e

d
im

e
n

ta
ry

lo
w

 
e

x
c
e

p
t 

in
 

in
te

rb
e

d
s
 

a
ls

o
 

p
re

s
e

n
t

d
e

e
p

 
c
a
n
y
o
n
s
 

in
 

b
a

s
a

lt
.

w
h
e
re

 
it
 

m
a

y
re

a
c
h
 

9
8

0
 

o
r

m
o
re

4
,9

0
0
 

a
n
d
 

m
o
re

 
M

e
ta

m
o
rp

h
o
se

d
 

M
e

s
o

z
o

ic
-

P
a

le
o

z
o

ic
 
v
o

lc
a

n
ic

 
a
n
d

s
e
d
im

e
n
ta

ry
 

ro
c
k
,

p
la

to
n

ic
 

ro
c
k
s
, 

a
n
d
e
s
it
e
,

b
a

s
a

lt
, 

tu
ff
, 

an
d

a
g

g
lo

m
e

ra
te

. 
V

a
ll
e
y
 
f
il
l

s
e

d
im

e
n

ts
 

a
n

d
 

a
l 

lu
v
iu

m
.

S
m

a
ll 

3
2
0
 
to

 
1
,0

0
0
 

C
e
n
o
z
ic

 
v
o

lc
a

n
ic

s
,

p
y
ro

c
la

s
ti
c
s
 

a
n
d

s
e

d
im

e
n

ts
, 

M
o
s
tl
y
 

a
n
d
»
s
it
ic

 
a
n
d
 

b
a
s
a
lt
ic

m
in

o
r 

a
c
id

ic
 
v
o
lc

a
n
ic

s
.

M
an

y 
v
o
lc

a
n
ic

 
v
e
n
ts

p
re

s
e
n
t.

L
o
c
a
l 

re
li
e
f 

C
e
n
o
z
o
ic

 
v
o
lc

a
n
ic

s
3
,2

0
0
 

to
 

4
,9

0
0
 

p
y
ro

c
la

s
ti
c
s
, 

a
n
d

s
e
d
im

e
n
ts

, 
so

m
e

ro
c
k
s
 

v
o
lc

a
n
ic

 
v
e

n
ts

p
re

s
e

n
t.

 
B

a
s
a

lt
 

a
n
d

a
n
d
e
s
it
e
 

p
re

d
o

m
in

a
te

in
 

u
p

l 
if
tf

d
 

b
lo

c
k
s
.

C
a
n
yo

n
s 

9
5

0
 

s
n

rl
im

e
n

ts
. 

R
h
y
lo

li
to

a
n
d
 

b
a

s
i 

1 t
 

co
m

m
on

 .

G
e

o
lo

g
ic

 
s
tr

u
c
tu

re
s

G
e

n
tl
y
 

fo
ld

e
d

 
a

n
t 
ic

 1 
i n

o
r 

i u
rn

,
lo

c
a

l 
ly

 
fa

u
lt
e

d
.

L
a
rg

e
 

s
tr

u
c
tu

ra
l 

b
a

s
in

 
in

s
o
u
th

; 
n
o
rt

h
 

p
a

rt
 

ca
n

be
 

s
u
b
d
iv

id
e
d
 

in
to

 
a

t
le

a
s
t 

fo
u
r 

s
u

b
b

a
s
in

s
s
e

p
a

ra
te

d
 

b
y 

n
a
rr

o
w

a
n
ti
c
l 

i n
a 

1 
ri
d

g
e

s
 .

B
e
d
ro

c
k
 

u
n
it
s
 

a
re

s
te

e
p

ly
 

d
ip

p
in

g
 

a
n
d

c
u
t 

b
y 

m
a
jo

r 
w

e
s
t

d
ip

p
in

g
 
th

ru
s
ts

.

W
e
s
te

rn
 

C
a
sc

a
d
e
s 

a
re

g
e

n
tl
y
 

fo
ld

e
d
, 

lo
c
a

ll
y

fa
u
lt
e
d
. 

H
ig

h
 

C
a

sc
a

d
e

s
a
p
p
e
a
r 

to
 

b
e

 
m

a
jo

r 
g

ra
b

e
n

,
f 

i 
1 

le
d
 

w
it
h
 

la
v
a

 
a
n
d
 

p
y
ro

c
la

s
ti
c
 

ro
c
k
s
. 

R
o

ck
s

v
e
n
ts

.

D
ip

s
 

g
e

n
tl
y
 

n
o
rt

h
w

a
rd

, 
c
u
t

a
n
d
^
o
T

n
ts

5 
"°

f 
ew

 ' 
lo

w
" 

' ^

a
n
g
le

°s
m

a
l 

1 
d

is
p

la
c
e

m
e

n
t

th
ru

s
ts

 
a
n
d
 

g
e

n
tl
e

 
fo

ld
s
.

M
e

s
o

z
ic

-P
a

le
o

z
o

ic
 

ro
c
k
s
 

a
re

m
o
s
tl
y
 

h
ig

h
ly

 
fo

ld
e
d
 

a
n
d

fa
u
lt
e
d
, 

y
o

u
n

g
e

r 
u
n
it
s
 

a
re

g
e

n
tl
y
 

fo
ld

e
d

 
o
r 

fl
a
t-

ly
in

g
.

F
la

t 
to

 
g

e
n

tl
y
 

fo
ld

e
d

 
a

n
d

b
ro

k
e
n
 

b
y 

n
u

m
e

ro
u

s

en
 

e
c
h

o
lo

n
 

n
o
rm

a
 1 
°
f 

au
 1 

ts
a

n
d

 
v
e
n
ts

. 
R

e
g
io

n
c
o
in

c
id

e
s
 

w
it
h

B
ro

th
e
r'
s
 

F
a
u
lt
 

Z
o

n
e

.

T
i 

It
e

d
 

b
lo

c
k
 

fa
u

lt
e

d
ra

n
g

e
s
, 

g
e

n
tl
y
 

d
ip

p
in

g
:

g
e
n
tl
e
 

fo
ld

s
 

lo
c
a

l 
ly

.
B

a
s
in

 
fl
o

o
rs

 
f 

i 
1 

le
d
 

w
it
h
 
fl
a

t 
ly

in
g

R
o

n
tl
y
 

fo
ld

e
d

 
s
o

u
th

e
a

s
t

V
e

g
e

ta
ti
o

n
 

c
o

v
e

r

H
e
a
vi

 l
y
 

fo
re

s
te

d

F
a

rm
la

n
d

s
, 

m
o

s
tl
y
 

sm
a 

1 
1

g
ra

 i 
ns

 .

H
e
a
vi

 l
y
 
fo

re
s
te

d
.

W
e

s
te

rn
 

C
a

sc
a

d
e

s 
a

re
h

e
a

v
i 

ly
 

fo
re

s
te

d
.

H
ig

h
e

s
t 

p
e

a
ks

 
a
re

 
a

b
o

ve
ti
m

b
e

rl
 i

 n
e 

. 
F

o
re

s
ts

a
re

 
le

s
s
 

d
e

n
se

 
on

 
e

a
s
te

rn

s
m

a
ll
e

r 
p

re
c
ip

it
a

ti
o

n
.

M
o

s
tl
y
 

g
ra

s
s
la

n
d

s
 

a
n
d

c
ro

p
la

n
d

s
 

w
it
h
 

g
ra

z
in

g
 

la
n
d
s
 

in
 

s
te

e
p

e
r

d
is

s
e
c
te

d
 

v
a
ll
e
y
.

H
ig

h
e

s
t 

a
re

a
s
 

a
re

 
a

b
o

ve
t 

i m
b
e
r 
li
n
e
; 

o
p

e
n

 
fo

re
s
t

a
n
d
 

g
ra

s
s
la

n
d
s
 

c
o

v
e

r
re

m
a 

i n
d
e
r 

.

F
o
re

s
t 

c
o
v
e
re

d
 

a
t 

w
e

s
t

e
d
g
e
, 

d
e

s
e

rt
 
v
e
g
e
ta

ti
o
n

e
ls

e
w

h
e

re
.

S
om

e 
fo

re
s
te

d
 

a
re

a
s
 

m
o

s
t

is
 

c
o
v
e
re

d
 

b
y 

d
e
s
e
rt

v
e

g
e

ta
ti
o

n
.

M
o

s
tl
y
 

s
a
g
e
 

a
n
d
 

o
th

e
r

B
o
u
n
d
a
ri
e
s
 
o

f 
s
u

b
d

iv
is

io
n

W
i 

1 
la

m
e

tt
e

 
V

a
ll
e

y
, 

C
o

a
s
ta

l 
lo

w
la

n
d

s
 

a
n
d

P
a
c
if
ic

 
O

ce
a

n
.

F
o

o
th

i 
1 

Is
 

o
f 

C
o

a
s
t 

R
an

ge
 

a
n
d
 

w
e

s
te

rn
C

a
sc

a
d

e
s 

R
a
n
g
e
.

M
e
rg

e
 

g
ra

d
u
a
ll
y
 

w
it
h
 

C
o

a
s
t 

R
a

n
g

e
 

a
n
d

w
it
h
 

w
e

s
te

rn
 

C
a
sc

a
d
e
s 

in
 

n
o
rt

h
 

a
n

d
n

o
rt

h
e

a
s
t.

 
B

o
u

n
d

a
ry

 
w

it
h
 

C
a
sc

a
d
e
s 

a
t

s
o
u
th

 
is

 
a

b
ru

p
t.

A
b

ru
p

t 
to

p
o

g
ra

p
h

ic
 

b
re

a
k
 
w

it
h
 

W
i 

1 
la

m
e
tt
e

V
a

ll
e

y
. 

M
a
tu

re
 

to
p

o
g

ra
p

h
y
 

c
o
n
tr

a
s
ts

s
h
a
rp

ly
 

w
it
h
 

h
ig

h
e

r 
le

s
s
 

d
is

s
e

c
te

d
H

ig
h

 
C

a
s
c
a
d
e
s
. 

B
o
u
n
d
a
ry

 
o

f 
H

ig
h

C
a

sc
a

d
e

s 
w

it
h
 

e
a

s
te

rn
 

p
h

y
s
io

g
ra

p
h

ic

in
 

e
a
s
t 

c
e

n
tr

a
l 

e
d
g
e
 

o
f 

H
ig

h
 

C
a
s
c
a
d
e
s
.

B
lu

e
 

M
o

u
n

ta
in

 
a

n
ti
c
li
n

e
 

on
 

s
o

u
th

, 
b

u
t 

e
a

s
t

p
a

rt
 

is
 

d
is

s
e
c
te

d
 

p
la

te
a
u
 

a
n
d
 

c
o

n
s
id

e
re

d
 

p
a

rt
 

o
f 

B
lu

e
 

M
o

u
n

ta
in

s
.

B
o
u
n
d
a
ri
e
s
 

o
f 

re
g
io

n
 

a
re

 
p
o
o
rl
y
 

d
e
fi
n
e
d

to
p

o
g

ra
p

h
ic

a
ll
y
 

e
x
c
e

p
t 

a
t 

s
o
u
th

 
e

d
g

e
a
lo

n
g
 

H
ig

h
 

L
a
va

 
P

la
in

s
.

W
e

st
 

b
o
u
n
d
a
ry

 
m

e
rg

e
s 

g
ra

d
u
a
ll
y
 

in
to

 
H

ig
h

C
a

s
c
a

d
e

s
; 

s
o
u
th

 
b
o
u
n
d
a
ry

 
n

o
t 

d
is

ti
n

c
t

du
e 

to
 

g
ra

d
u
a
l 

m
e

rg
in

g
 

in
to

 
b

a
s
in

 
a
n
d
 

ra
n
g
e
 

la
n
d
fo

rm
s
.

N
o
rt

h
 

a
n
d
 

e
a

s
t 

b
o

u
n

d
a

ri
e

s
 

a
re

 
n

o
t 

d
is

ti
n
c
t;

e
x
te

n
d
s
 

s
o
u
th

w
a
rd

 
to

 
M

e
x
ic

o
.

B
o
u
n
d
a
ri
e
s
 

in
d

is
ti
n

c
t 

e
x
c
e
p
t 

a
lo

n
g
 

S
te

e
n

s
 

M
o

u
n

ta
in

 
s
c
a
rp

.



The U.S. Geological Survey has adopted a policy for naming aquifers 
that discourages the use of formal rock-strati graphic terms and 
geologic-age designations. Therefore, we have revised the informal 
aquifer names used by McFarland and substituted the following informal 
names for his units in this report. McFarland's Mesozoic-Paleozic rocks 
of the Klamath Mountains will be called the Igneous and metamorphic 
rocks of the Klamath Mountains; the Tertiary volcanic rocks of the 
western Cascade Range are changed to the Volcanic rocks of the western 
Cascade Range; the Tertiary marine rocks of the Coast Ranges are called 
the Marine rocks of the Coast Ranges; the Quaternary-Tertiary 
sedimentary rocks are referred to as the Basin-fill and alluvial 
aquifers; and the Columbia River Basalt Group will be called the 
Columbia River Basalt aquifer. Although these changes may result in 
confusion, it should be remembered that the names are strictly informal 
and that with future studies more formal aquifer names will be given, 
and their lateral and vertical boundaries more accurately defined. The 
maps that accompany this report show the extent and outcrop for each of 
the aquifers.

In western Oregon, the Igneous and metamorphic rocks of the Klamath 
Mountains, the Marine rocks of the Coast Ranges, and the Volcanic rocks 
of the western Cascade Range each consist of low-permeability rocks 
generally capable of yielding only small quantities of water to wells. 
These units are important aquifer units, however, because in the areas 
where they outcrop, they may be the only source of potable water 
available for domestic use by the rural population. The remaining units 
have permeable materials or zones interlayered with less-permeable 
rocks. In places, the permeable beds may be capable of yielding up to 
several hundred gallons per minute.

Similarly in eastern Oregon, the Igneous and metamorphic aquifers 
and the Older volcanic aquifers consist of low-permeability rocks; 
whereas, the remaining units contain some very productive layers within 
them.

The rocks at the surface in most of Oregon are Cenozoic age 
(Tertiary and Quaternary) formations derived from or consisting of 
andesite or basalt of volcanic origin. Of these two chemically similar 
and closely related mafic (dark colored) volcanic rocks, basalt probably 
is the more voluminous. Other types of Cenozoic igneous and volcanic 
rocks are found in the State, but they make up a relatively small 
percentage of the total volume of igneous rocks present. Areas of 
Oregon covered by older rocks also include large volumes of mafic 
igneous and volcanic rocks and the clastic rocks derived from them. As 
a consequence of this rather uniform composition of the rock, one would 
anticipate that the chemical composition of Oregon ground waters would 
also be relatively uniform or at least contain similar ionic ratios if 
mineral composition of the rocks is the major factor determining 
chemical composition of ground water. The trilinear diagrams presented 
later in the text support that supposition, with many samples having 
similar ionic ratios.
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Marine sediments derived, In part, from Tertiary andesltlc volcanic 
rocks in the Western Cascades were deposited in marine embayments 
located near the present Coast Ranges. They probably contained seawater 
when they were subsequently uplifted and partially eroded. These events 
have affected the evolution of the ground-water quality in these rocks.

Geologic-unit codes were established for 86 Oregon formations in 
the 1960s using a system devised for computer coding of geologic data by 
the American Association of Petroleum Geologists. The codes reflected 
the status of geologic mapping in Oregon at that time. New codes were 
not added as geologic mapping of the State improved until after this 
study began. Some earlier well-water samples collected for chemical 
analyses were probably assigned geologic formation codes that either did 
not fit the sample site precisely or, in some situations, may have been 
somewhat arbitrary. Assigned geologic unit codes were checked in the 
five areas of the state for which published Geological Survey data were 
added to the computer data base. About one-third of the earlier samples 
in those areas could be recoded with more specific codes than the 
general codes originally assigned. Insufficient time prevented checking 
assigned geologic codes for other samples.

GROUND-WATER QUALITY DATA BASE 

Existing Data

The ground-water quality data base used in this report (limited to 
Geological Survey WATSTORE computer accessible data) is small when 
compared to data bases available for states such as California, Florida, 
or Arizona where ground-water pumpage is much greater. Table 4 
indicates that the ground-water quality data base for Oregon has over 
9,000 samples from more than 2,000 sites.

The Geological Survey ground-water data in Oregon consists of over 
3,400 samples from more than 1,500 sites. Over half of the Geological 
Survey data have been computerized on WATSTORE and STORET. Many of the 
samples are from areas where area I ground-water appraisals have been 
done. The samples were generally analyzed for major ions, nutrients, 
physical properties, and some metals such as iron. The Geological 
Survey samples have not been analyzed for complex organic substances and 
few analyses were made for trace metals such as mercury or lead. In the 
Geological Survey computerized data base only 47 samples were analyzed 
for total phenols, and 18 samples for organic carbon.

Oregon DEQ also has a sizeable data base with almost 5,000 samples 
from over 450 sites. Much of these data have not been computerized, but 
will soon be entered into a computerized data base (Andrew Schaedel, 
oral commun., 1982). Many of the samples are from monitoring wells near 
sanitary landfills with some wells being sampled from multiple depths. 
Some samples came from areas of known contamination (DEQ 208 studies) 
and some are from wells near two hazardous waste sites. Generally the 
analyses are for major ions, nutrients, and physical properties, and few 
samples have extensive organic analyses.
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The U.S. Forest Service data was located in STORET. Most samples 
appear to have come from wells at ranger stations on Forest Service 
land. Only about five percent of the samples were analyzed for major 
ions, nutrients, and physical properties. The remaining samples were 
only analyzed for bacteria.

The U.S. Environmental Protection Agency data located in STORET 
includes samples from monitoring wells near landfills and public 
drinking supply wells. Six of the 175 samples have been analyzed 
extensively for complex organic substances.

The data described in table 4 indicate that there has not been any 
specific sampling done to determine background concentrations of organic 
compounds in ground water. Further, the purpose for most of the studies 
responsible for collecting ground-water quality data have required 
samples be collected near population centers, so geographical coverage 
is not un i form.

Data Selected for Analysis

The principal criterion for selecting data to be analyzed in this 
report was that the data needed to be accessed through the Geological 
Survey Oregon District computer system. Most of these data were part of 
Geological Survey WATSTORE. Some data from published reports were added 
to the data base to improve the geographical distribution of data. The 
map in figure 3 (p. 7) shows the locations of the sampled sites; most of 
the sites are in the populous western half of the State, and generally 
the samples were collected and analyzed between 1970 and 1981. Data 
from Oregon DEQ, USFS, and USEPA were not used as part of this study 
because they were not accessible to the Geological Survey computer.

Most of the wells (96 percent) in the Geological Survey data base 
were sampled only once. Samples from about 10 wells near Coos Bay on 
the central Oregon Coast were deleted from the data base because the 
wells were sampled frequently at various depths and were not compatible 
with the rest of the data. A separate report describing the 
geochemistry of that area is in preparation. Deleting these samples 
reduced the data base from about 1,950 to about 1,080 samples. The 
number of sites remained about 1,000 and did include a few sites in the 
Coos Bay area that were sampled in a manner consistent with the rest of 
the data base. Because most of the sites in the data base were sampled 
once, the data were not suitable for time-trend analysi.s.
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Information in the WATSTORE Quality of Water (QW) file includes 
location, collection date and time, geologic and hydrologic unit data 
for each site, and also contains analytical data for each water sample. 
In addition, a separate WATSTORE data base, the Ground-Water Site 
Inventory file (GWSI), contains information on well ownership, 
construction, lithology, ground-water levels, and aquifer hydraulics. 
When this study began, merging the two data bases was not possible. In 
addition, the GWSI file contains about five times as many sites as in 
the QW file, but not all QW sites are in the GWSI file. For these 
reasons, it was impractical to merge the GWSI information with the QW 
file data for this study.

Most ground-water quality data used in this study are from wells in 
project areas that were selected to give good area I coverage by geologic 
unit source and by range of specific conductance. Specific conductance 
had been previously measured at about 50 percent of the inventoried 
wells In an area. This selection process does not eliminate bias that 
occurs because of factors that can not be controlled. For example, most 
wells In mountainous regions such as those found in southwestern Oregon 
are in lowland valley sites where the population lives. These lowlands 
represent a small portion of the total land area and the wells are 
shallow compared to the total thickness of the geologic formation or to 
the flow system which they tap. A wide range of ground-water quality 
variations are often observed because the lowlands tend to be discharge 
areas for flow systems where both shallow and deep flow lines converge 
within short distances.

Ground-water samples may represent water from a point source or a 
composite source within an aquifer. The point source might be a 
smaII-capacity well or piezometer open to a few feet of the aquifer; the 
composite samples commonly are from large-capacity wells open to a thick 
zone of the source aquifer. The large-capacity well generally will 
yield a sample that integrates the quality of water from a large segment 
of the flow system near the well, and may in fact be drawing water from 
multiple aquifer units. The result often is that insufficient data is 
available to account for observed variations in ground-water quality.

When this study began, there was no option in the WATSTORE 
water-quality data base to code more than one geologic source for 
samples from wells tapping more than one formation or multiple depths 
within the same formation. At each sampling site, the principal source 
was recorded; secondary sources were listed separately under remarks, 
and could not be retrieved for computer analysis.

A few samples included in this data base were collected for 
geothermal studies and cannot be considered representative samples. 
GeothermaI areas exhibit abnormally high heat flows which may result in 
accelerated geochemical processes. Because the number of samples are 
small compared to size of the data base and to the subsets in which they 
are included, the impact of these data on the nonparametric statistics 
should be negligible, and to identify and remove these samples would 
require considerable effort.
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In the section on descriptive statistics that follows, for each of 
the aquifer units examined, the reader should refer to tables 1 and 2, 
(p. 13,14) for a brief description of the aquifer units.

STATISTICAL ANALYSIS OF WATSTORE GROUND-WATER DATA

Before reviewing the statistical analyses, the reader should be 
aware that the results of the statistical analysis in this report fall 
outside the realm of classical statistics because the analyst had no 
control over sample design (Davis, J. C., 1973). Thus the data analyzed 
were not collected specifically to test the hypotheses of interest; but 
statistical tests were applied to the available data anyway for that 
purpose. Some consequences of this situation will become evident as the 
analysis of variance results are examined. As an example, data for many 
constituents from the Older volcanic aquifers are not significantly 
different from other aquifer units according to the statistical results 
of this study. This result though is probably due more to the fact that 
only 20 samples were available for analysis (sample design not 
controlled by this study) than to actual similarities between the Older 
volcanic aquifers and other aquifer units.

Statistical analyses are tools developed to enhance our 
understanding of relationships that may be present in the examined data. 
The validity of the conclusions drawn from the results of statistical 
analyses will depend on: (1) the consistent use of proper methods of 
sample collection, preservation, and chemical analyses; (2) good 
judgement in grouping and assigning classification variables such as 
geologic source of the water; and (3) use of the appropriate methods of 
statistical analysis for the data being analyzed. For this study, the 
assignment of the classification variables may have the greatest impact 
on the statistical results.

Descriptive Statistics

The statistics used to describe the ground-water quality data are; 
minimum, maximum, and the 25, 50, and 75 percentiles. The 50-percentile 
value is the median value. These statistics were selected because most 
of the data are not from a normal or log-normal distribution; therefore, 
the quartile (25, 50, and 75 percent!le) values should be better 
descriptors of the distribution than the mean and standard deviation. 
Descriptive statistics are provided for 19 constituents or properties 
(plus well depth) including calcium, magnesium, sodium, potassium, 
sulfate, chloride, nitrite plus nitrate dissolved as N, alkalinity, 
specific conductance, hardness, temperature, dissolved solids, pH, 
bicarbonate, iron, arsenic, flouride, boron, and silica. The Oregon 
data base taken from the WATSTORE files contains analyses for another 97 
constituents, some of which are calculated from other analytical 
results. Table 5 lists 85 constituents and properties and shows the 
number of samples for each constituent. The 19 constituents were
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Table 5. Constituent analyses available for WATSTORE 
samples selected for this study

[Only constituents with five or more analyses are included. 
Units are mg/L except where noted otherwise.!

Anal ysi s

Alkalinity, total Lab as CaCO
Alkalinity, total as CaC0 3
Ammonia, total as N
Ammonia, dissolved as N
Ammonia, total as NH
Ammonia, dissolved as NH
Arsenic, dissolved (ug/L as As)
Arsenic, total (ug/L as As)
Barium, total (ug/L as Ba)
Bicarbonate as HCO,
Boron, dissolved (ug/L as B)
Boron, total (ug/L as B)
Cadmium, total (ug/L as Cd)
Calcium, dissolved
Ca 1 c i urn , tota 1
Carbon dioxide
Carbonate as CO,
Carbon , total organic
Chloride, dissolved
Chromium, total (ug/L as Cr)
Col i form, fecal ( col on ies/100 ml)
Color (platinum-cobalt units)
Conductance (m icromhos/cm at 25 deg. C)
Copper, total (ug/L as Cu)
Depth collection (feet)
Discharge (ft 3 /sec)
Discharge, instantaneous (ftVsec)
Disso ved solids at 180 deg. F
Disso ved solids sum
Disso ved solids tons per day
Disso ved solids tons per acre-foot
Flour de , dissolved
Hardness, total as CaCO
Hardness, noncarbonate as CaCO,
Iron, dissolved (ug/L as Fe)
Iron, total (ug/L as Fe)
Lead, total (ug/L as Pb)
Magnesium, dissolved
Magnesium, total
Manganese, dissolved (ug/L as Mn)
Manganese, total (ug/L as Mn)
Mercury, total (ug/L as Hg)
Methy lene-bl ue-acti ve substance
Nitrate, dissolved as N
Nitrate, total as N
Nitrate, dissolved as NO,
Nitrite, dissolved as N
Nitrite, total as N
Nitrite plus nitrate, total as N
Nitrite plus nitrate, dissolved as N
Nitrite, dissolved as NO-
Nitrogen, total as N
Nitrogen, dissolved as N
Nitrogen, total organic as N
Nitrogen, dissolved organic as N
Nitrogen, Kjeldahl, total as N
Nitrogen, Kjeldahl, dissolved as N
Nitrogen, Kjeldahl, suspended as N
Nitrogen, total as NO-
Oxygen, dissolved
pH (standard units)
pH Lab (standard units)
Phenols (ug/L)
Phosphate, ortho, dissolved as PO
Phosphate, total as PO
Phosphorus, ortho, total as P
Phosphorus, total as PO
Phosphorus, total as P
Phosphorus, dissolved as P
Phosphorus, ortho, dissolved as P
Potassium, dissolved
Potassium, total
Selenium, dissolved ((ug/L as Se)
Selenium, total (ug/L as Se)
Si 1 ica, dissolved as Si0 2
Silver, iotal (ug/L as Ag)
Sodium, dissolved
Sod 1 urn , tota 1
Sodium absorption ratio
Sodium, percent
Sulfate, dissolved
Temperature, water (Deg. C)
Turbidity (NTU)
We| 1 depth
Zinc, total (ug/L as Zn)

Number

7
903
31
9
6

10
373
126
27

837
675
15
24

989
44

682
627

6
1,032

18
15
39

1,045
5

542
132
75

264
903
77

647
944
993
826
667
157
42

979
44

381
42
25
44
22

269
28
15
5

53
581
23
57
6

53
6

47
6
6

54
10

1,024
7

47
407
42
61
10
59
47

381
946
44
8

24
971
24

963
33

962
874
981
882

7
89
29

Mi nimum

10
0
0
0
0
0
0
0
0
0
0

30
0

3
0
0
0
0
0
0
0
2

20
5

32
23
0

0
1
0
0
0
1
0

0
0
0
0
0
0
0
0

0
0
0

0

3
7
0
0

0
0
0

0
0

0
1
1

3
0
1

12

3
2

06

001
001

03

6

01

08
1

1
01
1
01
35
1
4
2

03
02
06
02

6

9

5
2
01

2

53

Ma x i m urn

3,

5,
4,

16,
2,

5,

2,

14,

35,

1 ,

6,
22,

13,
13,
32,
13,

36,

5,

1,

2,
2,

210
570

340
20

200
353
000
300

4
000
26

170
144

1 1
000
20
10
50

000
40
128

2
4

730
400

4
30
27

000
000
000
400
45

210
12

000
380

4
2
5

163
205

7
24

8

35
4
10
8
8
3
3
7

1
73
4
0
0

370
2

000
12

120
100
550
84
37

812
900

32
32
06
41

0
0

53
5

3
0
3

01
02
9

03
0
43
74
43
79
43
37

1
6
6

4
5
0
31
39
74
1

1

0

5
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selected to characterize the ground-water quality because analyses of 
more than 30 samples were available for each constituent. Constituents 
of particular interest are nitrite plus nitra+e and arsenic, because 
some concentrations of each have been high enough for the State to deny 
some identified beneficial water use such as livestock watering.

The ground-water quality data exhibit considerable concentration 
variability for most of the constituents analyzed. Descriptive 
statistics for constituents in each aquifer and hydrologic unit are 
presented in tables 6 through 19. Units with fewer than 20 analyses 
were not included. The location of sampling sites for each aquifer unit 
is shown on figures 10 through 16. These maps show the irregular 
distribution of sampling sites for each unit.

Tables of descriptive statistics are presented for two
classification variables; aquifer units and hydrologic units. Analyses 
for aquifer units examine how variations in ground-water quality are 
related to geology. Analyses for hydrologic units examine similarities 
or variations in ground-water quality between units or regional aquifer 
systems.

All Selected WATSTORE Data

Descriptive statistics presented in table 6 were calculated using 
all the Oregon data from WATSTORE combined with the data entered for 
this study, a total of 1,077 samples. The number of analyses for each 
constituent varied from 519 for arsenic to 1,045 for specific 
conductance. Each constituent shows a wide range of values, with 
infrequently occurring high values producing positive positive skew. 
This skewness is particularly noticeable for calcium, sodium, specific 
conductance, hardness, arsenic, chloride, iron, and boron. As each 
succeeding table is examined, the expectation is that variability and 
skewness will decrease because the data in each tabulation will be from 
smaller more uniform areas. The range of concentrations are large 
because these samples come from many different formations and locations 
including local recharge to regional discharge areas. In addition, some 
samples are of connate waters and marine-sedimentary formations yielding 
relatively high concentrations.

High values of nitrite plus nitrate, chloride, hardness, 
temperature, iron, arsenic, and boron show that some waters have 
constituents in concentrations or characteristics sufficient ho impair 
the use of the water for purposes such as irrigation, livestock, and 
domestic supply. Generally fewer than 25 percent of the water samples 
analyzed have concentrations of constituents that may limit water use 
for selected purposes. Some examples are nitrite plus nitrate for which 
the 75-percentile value (0.73 mg/L) is below the ERA (1976) criteria for 
domestic supply of 10 mg/L, but the maximum is above the criteria level. 
This is also the case for boron in irrigation waters (criteria 750 
ug/L), and iron in domestic supplies (criteria 300 ug/L).
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Basin-fill and Alluvial Aquifers

The Basin-fill and alluvial aquifer as defined here consists of all 
the formations in western Oregon grouped into McFarland's (1982) Unit I, 
the Quaternary-Tertiary sedimentary deposits, the formations grouped 
into the Basin-fill and alluvial aquifers, and the Sedimentary aquifers 
defined by Gonthier (in press, 1984) in eastern Oregon. A brief 
description of each of these separate units can be found in table 1 and 
2; figure 6 shows the major outcrops and figure 7 shows the sampling 
sites and the aquifer codes of the units grouped under this 
classification. The scale of figure 6 prevents showing stream alluvial 
deposits which are included in this aquifer unit.

The range of values for many of the constituents analyzed in 
samples from the Basin-fill and alluvial aquifers (table 7) is nearly as 
large as it is for the combined Oregon data set. This is due in part to 
the fact that this aquifer unit is widely distributed and because it 
overlies older aquifer units in most lowland areas. In western Oregon, 
for example, it commonly overlies older marine formations, and in some 
of these areas, water from the older marine rocks discharges to the 
Basin-fill and alluvial aquifer, resulting in localized occurrences of 
saline water. As expected, the range of nitrite plus nitrate is large 
and the 25- and 50-percentile concentrations are nearly three times 
greater than the same percent!les for all data combined (table 6). The 
maximum nitrite plus nitrate concentration observed occurs in this 
aquifer unit. Nitrate could be due to man's influences, such as 
fertilizers or from domestic sewage-disposal systems. Surface sediments 
in this unit commonly are permeable and the water table generally is 
shallow; these factors combine to make it more sensitive to 
water-quality degradation than each of the other units examined.

The 50- and 75-percentile arsenic concentrations are two to three 
times those for all the combined Oregon data. The 75-percentile 
concentration is 10 ug/L and the maximum concentration is 240 ug/L. The 
U.S. Environmental Protection Agency (ERA) suggested limits for arsenic 
is 50 ug/L domestic supply, and 100 ug/L for irrigation (ERA, 1976). 
The interquartile range (between 25th and 75th percent!le) for all other 
constituents is similar to that of all the combined Oregon data. The 
high arsenic values may be due to samples from arid eastern Oregon 
basins where the source rocks are young volcanic rocks and high 
evapotranspiration rates tend to concentrate arsenic in the ground 
waters of some areas.

Samples with complete analyses of all major ions are plotted on a 
trilinear diagram (fig. 8). Trilinear plots display only the major 
ionic constituents in mi I Iiequivalents per liter. Cations are calcium, 
magnesium, and sodium plus potassium, and anions are sulfate, chloride 
plus nitrate, and alkalinity (which was used to represent bicarbonate), 
and carbonate. Plotted values are expressed as percentages of the total 
mi I Iiequivalents per liter of cations and anions. Two triangles are 
used   one for cations and one for anions. Each vertex of the triangle 
represents 100 percent of a particular ion or group of ions.
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For each point, the coordinates add to 100 percent. The diamond plot 
provides a single point for each sample by projection of the points in 
each triangle to an intersection. Alkalinity accounts for the 
predominant anions in most waters; however, chloride was high in some 
samples. Sulfate generally was low, less than 20 percent of the total 
anions. Cations tend to cluster near the center of the cation triangle, 
but a few samples have sodium as the predominant cation. Samples with 
high sodium also have high chloride. The diamond plot shows 
considerable scatter, but the majority of waters indicate high 
percentages for calcium and magnesium, and alkalinity.

Marine Rocks of the Coast Ranges

Figure 9 shows the distribution of the Marine rocks and figure 10 
shows the locations of sampling sites and a list of the geologic unit 
codes included in this aquifer grouping. Water samples from Cretaceous 
sedimentary rocks found in the Klamath Mountains are included with the 
Marine rocks because their lithology and depositional environment 
appears to be more closely related to the Marine rocks of the Coast 
Ranges than to the underlying metamorphosed Mesozoic-PaIeozic rocks.

Water from the Marine rocks (table 3) generally contains higher 
concentrations of chloride and sodium ions than water from other aquifer 
units (table 6). This is believed to be due in part to interception by 
wells of upward moving older, possibly connate ground waters, to 
principal streams in lowlands.

Chloride concentrations are about three times higher for the 25- 
and 50-percentile concentrations, and five times higher for the 75th 
percent!le than for the combined data, and are generally higher than for 
any other aquifer unit examined (table 8). The sodium quartiles are 
about three times higher than for the combined Oregon data set. Nitrite 
plus nitrate and silica quartiles are about half those of the entire 
data set.

The Marine rocks have boron concentrations considerably above the 
median concentrations for all combined Oregon data and the maximum boron 
concentration for the entire data set occurs in this unit. The high 
boron concentrations generally occur in samples containing high 
dissolved-solids concentrations that generally make the water unusable 
for repeated irrigation or domestic use.

The trilinear diagrams (fig. 11) indicate the predominant anions 
are either the constituents that comprise alkalinity or chloride. The 
cation triangle has a band of points across the bottom which indicates 
that either sodium or calcium is the predominant cation. The diamond 
plot shows wide variation, indicating several types of water are present 
in this unit.
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Igneous and Metamorphic Rocks of the Klamath Mountains

This aquifer unit is complex and includes a wide range of rock 
types and individual formations. Figures 12 and 13 show the geologic 
units and the distribution of sampling sites included in this unit.

The percentile values for this aquifer unit exhibit concentration 
ranges higher for calcium, sulfate, and hardness compared to the 
combined data set, but nitrite plus nitrate and potassium values are 
about half the values for combined data (table 9). Maximum data base 
values for sodium, sulfate, chloride, and specific conductance were from 
this aquifer. Higher calcium values may reflect the abundance of mafic 
and ultramafic igneous rocks as well as lenses of marble in these rocks 
locally. Sulfate may be from widespread occurrences of metallic 
sulfides and sodium and chloride may be from connate waters as in the 
marine rocks.

The trilinear diagrams (fig. 14) indicate alkalinity is generally 
predominant among the an ions with some waters containing high 
percentages of chloride. Calcium is generally the dominant cation and 
magnesium content is significant probably due to high magnesium in the 
ultramafic rocks. Although the samples come from a small area in 
western Oregon, the ions show a pronounced scatter on the diamond plot 
mostly due to some high concentrations of sodium and chloride ions.

Volcanic and Sedimentary Aquifers

Location of the sampling sites in the Volcanic and sedimentary 
aquifer, and geologic units grouped under this aquifer unit are shown in 
figure 15, and the outcrop areas are shown on figure 9. This 
classification includes all the formations in Unit II, the 
Quaternary-Tertiary volcanic rocks of the High Cascades (McFarland, 
1982), and those included in the Volcanic and sedimentary aquifers 
identified by Gonthier (in press, 1984). These geologic units are 
correlative units in the High Cascades but elsewhere actual correlations 
are less certain.

The percentile values in table 10 were, in general, equal or lower 
than those for the entire combined Oregon data set, and all maximum 
values were lower than data set maximum values. Percentile values for 
potassium, arsenic, and silica were higher than for the entire combined 
data set.

As in other aquifer units examined, the trilinear plot (fig. 16) 
shows that the constituents comprising alkalinity predominate the 
anions. Sulfate was the principal anion in two samples, but there were 
no samples with high percentages of chloride. The cations are rather 
variable with a few samples showing high sodium percentages.
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Columbia River Basalt Aquifer

The Columbia River basalt aquifer occurs in both eastern and 
western Oregon (fig. 17). Figure 18 shows the location of the sampling 
sites. The relatively low concentration of most constituents is 
noteworthy. The maximum concentration of arsenic and boron were 4 and 
140 ug/L, respectively, and the highest observed temperature was 30 
degrees Celsius (table 11). Maximum dissolved solids and specific 
conductance values were low compared to other aquifer units. This 
aquifer consists almost entirely of a single rock type, basalt, and the 
statistics reflect this uniform composition. Nitrite plus nitrate had a 
maximum of 19 mg/L, and dissolved iron of 8,100 ug/L. The wells in this 
unit were the deepest of any of the aquifer units examined. The median 
depth of the sampled wells was 315 feet. The interquartile range was 
much less than for the entire combined Oregon data set, with the 
exception of nitrite plus nitrate which was wider.

Sampling sites in this aquifer were clustered in three separate 
areas. In northeastern Oregon, the aquifer is extensive, thick, and 
heavily developed consisting of several individual subunits which were 
not subdivided for this study. It is believed that there are subtle 
systematic changes in water quality with depth in the unit that are 
related to stratigraphy, structure, flow system geometry, and 
withdrawals from the aquifer system. However, knowledge of the 
subsurface geology and the geographic distribution of sample sites are 
both inadequate to describe these subtle variations.

The trilinear plot for this unit exhibits well defined clustering 
(fig. 19). The constituents comprising alkalinity clearly dominate the 
anions. Cations are variable with a few samples having high sodium 
percentages. The diamond plot shows predominance of calcium and 
magnesium, and alkalinity.

Volcanic Rocks of the Western Cascade Range

Locations of sampling sites and a list of geologic unit codes 
included in this classification are shown in figure 20. Figure 12 shows 
the outcrop areas for the Volcanic rocks included in this aquifer. 
Percent}le values (table 12) are generally lower compared to the set of 
all combined Oregon data, and major ions and dissolved solids are about 
one-third lower.

The constituents comprising alkalinity dominate the anions in 
samples from the Volcanic rocks of the western Cascades (fig. 21) and 
calcium and magnesium together are the predominant cations. A few 
samples from this aquifer represent the sodium-chloride type water. In 
places, these rocks interfinger with marine rocks which may be the 
source of the sodium-chloride waters.
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Older Volcanic Aquifers

Figure 22 shows the locations of sampling sites and a list of 
geologic units included in this grouping. Areas where the Older 
volcanic rocks outcrop are shown in figure 12. Of the aquifer units 
discussed, this unit has the least number of samples (20), and all 
samples in this data set are from the Warm Springs Indian Reservation. 
They may not be representative of water quality in the rest of the 
outcrop area. The percent!le values (table 13) are similar to the 
percent!Ie values for the combined State data (table 6). One of the 
sites sampled is a hot spring; that sample had the maximum temperature 
for this unit and the maximum arsenic concentration for the combined 
Oregon data set.

The anions from the Older volcanic aquifer are also dominated by 
the constituents comprising alkalinity (fig. 23). The cation plot shows 
considerable scatter; sodium was the principal cation in water from 
about 50 percent of the sampling sites.

Pacific Slope Basins

The Pacific Slope Basins discussed below include all Oregon rivers 
draining to the Pacific Ocean except the Columbia River. Most of the 
samples included in this hydrologic unit were from the Rogue and Umpqua 
River basins. Table 14 shows that the percent!le values for a large 
number of constituents are slightly higher than the same values for the 
combined Oregon data. For this hydrologic unit, the maximum values of 
calcium, sodium, potassium, sulfate, chloride, alkalinity, specific 
conductance, hardness, dissolved solids, bicarbonate, iron, and boron 
were also the maximum values of the entire combined Oregon data set. 
This is expected because the Marine rocks of the Coast Ranges and the 
Igneous and metamorphic rocks, which were examined earlier and are 
included in this hydrologic unit, were the aquifer units usually having 
the highest constituent concentrations and containing the most highly 
variable ground waters examined in this study. Potassium and silica 
were considerably lower in concentration than those found in the entire 
Oregon data set. This hydrologic unit also had the largest number of 
samples and the sampled wells generally were the shallowest wells of any 
unit examined.

The samples are from a large geographical area which includes 
several aquifer units. Constituents comprising alkalinity predominate 
the anions in most samples, but there are some samples that have high 
percentages of chloride (fig. 24). Cations show considerable scatter 
and calcium and sodium generally are the dominant cations. Data on the 
diamond plot have considerable scatter, but indicate a few samples were 
of the sodium-chloride type.
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Wlllamette River Basin

The Willamette River basin is the most populous in the State. 
Samples from this area include four of the aquifer units already 
examined. The units are Basin-fill and alluvial aquifers, Marine rocks 
of the Coast Range, Columbia River basalt aquifer, and Volcanic rocks of 
the Western Cascades with most of the samples coming from the first two 
units. The percent!le values in table 15 are similar in magnitude to 
those for the entire combined Oregon data set. The maximum values in 
this data set for magnesium, nitrite plus nitrate, and pH are the 
highest values for the entire combined data set.

Constituents comprising alkalinity predominate the anions in 
samples from the Willamette Basin (fig. 25). Chloride was predominant 
in some samples. Cation data percentages cluster in an area where 
magnesium and sodium plus potassium ions range from 20 to 40 percent. A 
few samples had high sodium percentages and just less than half the 
samples are of sodium-chloride type water.

Lower Columbia River Basin

The Lower Columbia River basin in Oregon includes all rivers east 
of the Cascade Range that drain directly to the Columbia River. The 
statistical data in table 16 show percent!le values generally much lower 
than those for the combined Oregon data set which probably results from 
many of the samples coming from the Columbia River Basalt aquifer. 
Noticeable is the low maximum chloride value of 240 mg/L. The 75th 
percent!le for boron is only 40 ug/L. This hydrologic unit contains a 
hot spring (temperature 84 degrees Celsius) which also had the maximum 
observed arsenic value of 340 ug/L. Samples taken from this unit were 
from relatively deep wells with a median depth of 264 feet. When 
compared to the entire combined Oregon data set, specific conductance is 
lower, although dissolved solids showed almost no difference because of 
the increase in si Iica.

The trilinear plot (fig. 26) for the Lower Columbia Basin shows 
that the constituents comprising alkalinity dominate the anions. 
Calcium and magnesium are the principal cations but neither ion is 
dom inant.

Klamath River Basin

Wells sampled in the Klamath River basin are some of the deeper 
wells in the data set and include the deepest well (1,128 feet). The 
concentrations of calcium, sodium, sulfate, and chloride are low while 
potassium and silica values are high (table 17) in relation to the 
combined Oregon data set. Only nine samples were analyzed for nitrite 
plus nitrate; the median concentration of these samples was more than 
twice that determined for the combined data. This may be the effect of 
small sample size and the site selection process.
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On Iy 8 samples in the Klamath Basin had data for each of the major 
ions. Even though the number of samples is small, figure 27 shows a 
pattern similar to other basins. Constituents comprising alkalinity 
dominate the anions. The cations are mixed showing no dominant species.

The Great Basin

This hydrologic unit is in south central Oregon and includes 
several closed basins (table 18). Percentile values generally are 
higher than those of the combined Oregon data, and the basin had the 
deepest median sampled well depth, 338 feet. Arsenic, boron and 
potassium percentile values were greater than those for the combined 
data set. Arsenic 50- and 75-percentile values were 5 and 37 ug/L, 
respectively, compared to 1 and 3 ug/L for the combined Oregon data. 
Boron percentiIe values were about three times higher, and the 
percentile values for potassium were two to three times greater than for 
the combined Oregon values shown.

The trilinear plot for The Great Basin data was similar to plots 
for other hydrologic units and indicates constituents comprising 
alkalinity dominate the anions (fig. 28). Cations, however, are mixed 
showing sod 5 urn possibly having dominance in a majority of samples.

Snake River Basin

This hydrologic unit includes the Oregon streams tributary to the 
Snake River system. The Snake River basin has the smallest number of 
ground-water samples (39) of all the hydrologic units examined. Maximum 
values for most constituents are low compared to other hydrologic units 
but, the 25-, 50-, and 75-percentile values generally were higher (table 
19). All major ions have higher percentile values than the combined 
Oregon data and sulfate values were seven to ten times greater. Arsenic 
median and 75-percentile concentrations were 10 to 30 times higher than 
those found in any other hydrologic unit or aquifer unit. Boron values 
also tend to be high compared to other units, but similar to those in 
The Great Basin, and in the Marine rocks of the Coast Ranges. The 
preponderance of volcanic and volcanicIastic rocks along with the arid 
climate may partially explain the high concentrations of these ions in 
the Snake River basin and The Great Basin. Many of the samples are from 
the Volcanic and sedimentary aquifer and the Basin-fill and alluvial 
aquifers. High concentrations of these ions are reported in shallow 
ground waters beneath some playas in southeast Oregon. The maximum 
silica value for the combined data was from a hot spring in the Snake 
River basin.

Major ion data (fig. 29) indicate constituents comprising 
alkalinity dominate the anions for a majority of samples. Sodium is the 
dominant cation in a majority of samples.
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Analysis of Variance

Examination of the descriptive statistics calculated for 
constituents in tables 6 through 19 indicates there are differences in 
concentrations among aquifer units and hydrologic units. The 
differences between percent!le values in each unit are as much as one 
order of magnitude, although they generally are smaller. An analysis of 
variance (ANOVA) procedure was used to determine if the differences 
between units are significant. The test was performed independently on 
the data segregated in the first test by aquifer unit and in the second 
test by hydrologic unit. A significant difference between units within 
a classification then is dependent on the strength of the relationship 
between the class variable and the causes of variation in specific 
constituents. If the class variable is not related to the cause of 
variation for a specific constituent, then there should be no 
significant difference between units within a class for that 
constituent.

All statistical procedures used in this analysis were performed 
using the Statistical Analysis System (SAS), SAS Institute Inc., 1982a. 
One of the assumptions of the ANOVA procedure is that the data within 
classes are normally distributed. This assumption was tested using the 
modified Kolmogorv-SmirInov and Shapiro-Wilk methods (SAS Institute, 
Inc., 1982b, p. 580). The results indicated that many of the data 
subsets were not normally distributed. Log transformations of the data 
did not change the results for many of the subsets. Because much of the 
data did not meet the test assumptions of normality, procedures known as 
nonparametric or distribution-free tests were used (Conover, 1980). 
Data were ranked regardless of level within the class for each 
constituent, then the ranks were analyzed with ANOVA procedures.

ANOVA tests whether differences between units are due to chance or 
are due to the tested effect which, in this study, is the class 
variable. As an example, ANOVA tested the specific conductance values 
segregated by aquifer unit, and indicated if differences in the specific 
conductance values between the seven aquifer units occurred because of 
chance or because at least one unit has conductance values significantly 
different from the other aquifer units. The results of ANOVA are shown 
in table 20 for the two class variables, aquifer unit and hydrologic 
unit. Each test of the class variable was made independent of the 
other. Thus, the results in table 20 do not reflect interaction between 
the class variables. The table lists probabilities that differences 
between units within a class variable are due to chance instead of the 
tested effect. As an example, for specific conductance values 
segregated by aquifer units, there is a 0.0001 probability that 
differences between units were due to chance and not the tested effect.
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Similar?ly, for iron segregated by hydrologic unit, there is a 0.6336 
probability that the differences between units are due to chance. Thus, 
the tested affect results in significant differences between units for 
specific conductance, but not for iron because there is a 63 percent 
probability that differences between units based on iron values is due 
to chance. The probability values in the table indicate that for most 
constituents, at least one unit differs from the other units for each 
class variable. The exceptions are iron values and magnesium values 
classified by hydrologic units. Because the class variables affect most 
constituents, the results imply that both aquifer unit source and 
hydrologic unit source represent effects causing significant differences 
in constituent concentrations. The percent of variation in the data 
explained by the classification variable is represented (table 20) by 
R 2 . Note for aquifer units, the variation explained ranged from 4 to 35 
percent. For hydrologic units, the variation explained ranged from 1 to 
35 percent. The ANOVA results do not directly indicate which class 
separation provides a better explanation of the variation.

As previously stated, use of the ANOVA procedure determines if at 
least one of the units within a class?ffcation is significantly- 
different from the other units. ANOVA, however, does not indicate which 
unit is different. To provide that information, Tukey's studentized 
multiple range test was used (SAS, 1982a, p. 151).

The error rate for the test was set at 0.05 which yields an overall 
error probability of 5 percent for indicating that one or more unit 
means are significantly different from the others when they are actually 
not significantly different. The results are listed in tables 21 and 
22. Note that in each table the units have been grouped so that those 
that are not significantly different have the same letter. The letters 
do not represent particular groups with specific attributes, but are 
labels for units that are not significantly different at the 0.05 level. 
For example, the specific conductance values for aquifer units in table 
21 have been put into three groups. Four of the units (in group B) are 
indistinguishable from each other, but units in group A have 
significantly different specific conductance values from the conductance 
values in group B. The Older volcanic aquifers were placed in two 
groups indicating those specific conductance values are only 
significantly different from conductance values in units that'do not 
have letters B or C (in this case, only Marine rocks of the Coast 
Ranges). Because specific conductance samples from the Igneous and 
metamorphic rocks of the Klamath Mountains were placed into groups A and 
C, these conductance values are significantly different from conductance 
values in units given only the letter B designation.
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Results shown in table 21 provide some insights to the analyzed 
ground-water quality data. While each constituent was not separated 
into aquifer units that are all significantly different, many of the 
results show significant differences between some specific aquifer units 
that can be explained. Results in table 21 of particular interest are 
constituents for which an aquifer unit was significantly different 
(higher or lower) from all the other units. An example is chloride for 
which the Marine rocks of the Coast Ranges had higher values that were 
significantly different from all the other aquifer units.

Calcium and hardness concentrations generally were low in all 
aquifer units, but the Igneous and metamorphic rocks of the Klamath 
Mountains had the highest average ranks of concentrations and the values 
were significantly different from the other aquifers. Lenses of marble 
are known to be present in some of the rocks of this unit but are not 
believed to be widespread. The most likely sources of calcium are the 
calcium-rich Igneous and metamorphic rocks. Additionally, the 
widespread occurrence of magnesium ultramafic igneous rocks in this unit 
is a source of magnesium which contributes to the hardness. Sulfate 
values were also high for this aquifer and significantly different from 
several of the other units. As mentioned earlier, this may reflect the 
widespread occurrence of metallic sulfides in these rocks.

Results on sodium and chloride (table 21) indicate higher and 
statistically significant differences for the Marine rocks of the Coast 
Ranges. The sodium and chloride probably reflect the presence of 
altered connate waters at depth in these rocks. Boron was also 
indicated as significantly different for the Marine rocks, which again 
is reflective of the marine environment present during formation of the 
rocks included in this aquifer.

Potassium concentrations were generally low in all aquifer units, 
but potassium values from the Volcanic and sedimentary aquifer and the 
Columbia River basalt aquifer are higher and significantly different 
from the values of other aquifers. Possible sources of potassium are 
beds and lenses of illite-type clays present in these two aquifers.

Arsenic values were higher and significantly different from the 
other aquifers in the Volcanic and sedimentary aquifer and the 
Basin-fill and alluvial aquifers. Arsenic seems to be associated with 
the volcanic rocks and both of these units occur together in eastern 
Oregon, sometimes in areas where arsenic may be concentrated in the 
alkaline waters of the playas.

Silica was generally abundant in all the aquifer units, but table 
21 indicates it was most abundant in the Columbia River basalt aquifer 
and least abundant in the Marine rocks of the Coast Ranges. The higher 
values in the basalt could be due to reactions with feldspar or clay in 
these rocks. Also a number of samples in the basalt aquifer are from 
deeper wells (highest median depth - table 11) where the average 
ground-water temperature may reflect in the higher silica 
concentrations. The low values in the Marine rocks may reflect the 
presence of connate water and the characteristically low silica 
concentrations in marine waters.

74



The results of comparisons between hydro!ogic units using the 19 
constituents in table 22 are best explained in relation to the geologic 
units found within a specific hydrologic unit. Thus the results for the 
hydrologic units probably are strongly influenced by the aquifer units 
sampled most frequently within the hydrologic unit. As a consequence, 
single hydrologic units do not stand apart from all the other hydrologic 
units as frequently as aquifer units were singled out in table 21.

Generally higher calcium values were evident in the Snake River 
basin and the Pacific Slope Basins. The reason for significantly high 
values in the Snake River basin is unknown. Pacific Slope Basins are 
underlain in part by the Igneous and metamorphic rocks of the Klamath 
Mountains, the aquifer that exhibited the highest calcium 
concentrations.

Higher sodium and chloride concentrations were found in the Pacific 
Slope Basins, The Great Basin, and Snake River basin. The higher values 
are probably due to the Marine rocks of the Coast Ranges and the Igneous 
and metamorphic rocks of the Klamath Mountains, both of which are found 
in the Pacific Slope Basins and as mentioned earlier, exhibit high 
sodium and chloride concentrations. The higher concentration found in 
The Great Basin and Snake River basin reflect the arid climate in those 
regions where formation of evaporite deposits is common. Also in these 
three basin areas, concentrations of dissolved solids and specific 
conductance again were significantly higher than in other regions of the 
State. These two variables are strongly associated with the same 
sources noted for sodium and chloride in these basin areas.

Silica is also present in higher concentrations in the eastern 
Oregon Basins. This in part reflects the number of samples from the 
Columbia River basalt, the general presence of basaltic lavas throughout 
eastern Oregon, and in addition, the presence of diatomite beds and 
siliceous dacitic ash beds in the structural basins of southeastern 
Oregon. Distinctively low levels of silica in the Pacific Slope Basins 
probably reflect the presence of Marine rocks of the Coast Ranges as 
discussed previously.

To compare the two class variables, each table has a calculated 
value called the average unit separation (AUS) which indicates with a 
numerical value the number of units that are significantly different. 
The AUS is computed by making all one-way comparisons between units for 
each constituent. For each comparison between units in the same Tukey 
group, zero is assigned; if the units are in different Tukey groups, the 
comparison is assigned a value of ten. Values for comparisons are 
summed and divided by the total comparisons made. As an example, the 
AUS for sodium (table 22) is computed as follows: comparison between 
Pacific Slope Basins (group A) and Willamette River basin (group B) is 
assigned a value of 10. The next comparison, Pacific Slope to Lower 
Columbia, also is assigned 10, and the next three comparisons get 10, 0, 
and 0, respectively. Comparisons continue with Willamette River basin 
(group B) to the Lower Columbia (group B) assigned zero. The remaining 
Willamette River comparisons get 0, 10, and 10, respectively.
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Assignment of values continues until all basin comparisons are 
completed. There are six separate units for the hydrologic class 
variable, so a total of 15 one-way comparisons can be made. 
Calculation of the sodium AUS working across table 22 from left to right 
is shown below:

AUS (sodium) = 10+10+10+0+0+0+0+10+10+0+10+10+10+10+0
1 5

AUS (sodium) = 6.0

Comparisons for the aquifers (table 21) are between seven aquifer units, 
therefore 21 one-way comparisons are possible. Computed AUS values 
range between zero and ten, zero indicating that the multiple range test 
found no significant difference between units at the probability level 
0.05. An AUS value of 10 indicates the multiple range test found a 
significant difference between all units; therefore, each unit was 
placed in a separate group.

The AUS values in tables 21 and 22 indicate the degree to which 
constituents were separated by the classification variables. In 
comparing AUS values between tables, the classification variable with 
the highest AUS value for a particular constituent had more distinct 
units based on values for that constituent. Because the number of units 
is different for each classification variable, the AUS values are not 
directly comparable to two significant figures. Calcium AUS values of 
4.3 and 4.7 from tables 21 and 22 indicate both class variables 
separated calcium values into equally many different units. For 
comparative purposes, the best AUS values in table 21 are those 
calculated without the effects of the Older volcanic aquifers included. 
Because of the wide variation and small sample size, this aquifer unit 
could not readily be distinguished from the others, which generally 
lowered the AUS values. Comparison of AUS values calculated using the 
six remaining aquifers to the AUS values for the hydrologic unit 
classification are quite similar.

AUS values below about 5.0 indicate that few units were dissimilar 
from others because less than half the comparisons were placed in 
different letter groups. The units which were different though may have 
been very different because the ANOVA results were significant. The 
hydrologic unit classification between units provided few significantly 
different units for magnesium, iron, nitrite plus nitrate, alkalinity, 
and hardness. The aquifer unit classification provided few 
significantly different units for iron, temperature, sodium, and nitrite 
plus nitrate. Aquifer unit as a class variable produced AUS greater 
than 5.0 for more than half the constituents: calcium, potassium, 
sulfate, chloride, alkalinity, pH, conductance, hardness, dissolved 
solids, bicarbonate, boron, fIuoride, and silica (using all aquifer 
units except Older volcanic aquifers). The hydrologic unit 
classification also resulted in AUS greater than 5.0 for more than half 
the constituents: sodium, potassium, sulfate, chloride, conductance, 
dissolved soilds, temperature, boron, fluoride, and silica.
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Results of the multiple range test were also used to make 
comparisons between pairs of aquifer units and between pairs of 
hydro logic units. When the two units compared were in the same group 
assigned by the multiple range test, a value of one was given, otherwise 
a value of zero was assigned. This was done for each of the 19 
constituents used in the multiple range test. As an example, a 
comparison between two hydrologic units such as Pacific Slope Basins and 
Willamette River basins would have a value of 19 if each constituent was 
placed in the same group, or a value of zero if all constituents were 
placed in different groups. The results shown in table 23 indicate 
which units are most similar or dissimilar based on the 19 constituents 
used.

Because of the small sample size, it is apparent that quality of 
water in the Older volcanic aquifers is not distinctive from any of the 
other units. The two most dissimilar aquifer units are the Marine rocks 
of the Coast Ranges and Basin-fill and alluvial aquifers (value of 3); 
the Marine rocks, and the Volcanic and sedimentary aquifers also were 
very dissimilar (value of 4). For the hydrologic units, those most 
similar are the Snake River basin and The Great Basin. The most 
dissimilar were the Willamette River basin and Pacific Slope Basins 
(value of 5), and the Willamette River basin and the Snake River basin 
(vaIue of 5).

Using the results of table 23, aquifer units could be separated 
into two groups that show similarities among the aquifers within the 
group and dissimilarities between the groups. Group I contains: 
Basin-fill and alluvial aquifers, Volcanic and sedimentary aquifers, 
Volcanic rocks of the western Cascades, and Columbia River Basalt 
aquifer. Group II contains: Marine rocks of the Coast Ranges, and 
Igneous and metamorphic rocks of the Klamath Mountains. The aquifer 
units in Group II exhibit many of the higher concentrations of 
constituents because of connate water or the particular minerals 
discussed previously. The units in Group I exhibited generally lower 
values because samples in these units may tend to be from shallower 
wells or in the Columbia River Basalt aquifer where concentrations were 
I ow.

A similar grouping can be established for the hydrologic units 
shown in table 23. The units in Group I (having lower concentrations) 
are: Willamette River basin, Lower Columbia River basin, and Klamath 
River basin. The units in Group II are: The Great Basin, Snake River 
basin, and Pacific Slope Basins. The basins in Group II tend to group 
together because the Pacific Slope Basins are strongly influenced by 
samples from the aquifer units in Group II. In addition, the arid 
climate and evaporite influences on The Great Basin and Snake River 
basin samples tend to put these three basins within the same grouping. 
The hydrologic units in Group I tend to be influenced by the Columbia 
River Basalt aquifer samples and samples from the Basin-fill and 
alluvial aquifers found in aquifer unit Group I. Thus there appears to 
be an association between aquifer and hydrologic units with the aquifer 
units accounting for the noted variations.
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Summary of Statistical Results

The purpose of statistically analyzing the Oregon ground-water 
quality data is to explain the observed variation in the data. 
Generally, the data have predominantly low values, with occasional high 
values for each constituent. The examined ground-water quality data are 
not normally or log-normally distributed. To a large extent, the 
methods discussed in the previous section to explain data variability 
are dependent on the availability of information to assign samples to 
the appropriate classification. One of the major weaknesses in the 
WATSTORE QW-file containing the ground-water quality data base is 
insufficient information on sample source. Sufficient information is 
not available to determine the source of the sample water or to 
distinguish between samples that originate from single or multiple water 
sources. Addition of information contained in the GWSI data base may 
improve ability to determine sample source.

ANOVA statistical tests used aquifer unit and hydrologic unit as 
class variables to explain ground-water quality variation. Aquifer unit 
provided a separation of variation which could be related to lithology. 
Because a relationship does exist between constituent values and the 
class variables, a refinement would combine the effects of both classes 
by using the Cascade Range as a boundary and segregating aquifer units 
found on both sides of the range. Both Columbia River Basalt aquifer 
and Cenozoic sedimentary aquifer could be split into east and west 
segments; all other units used occurred only on one side or the other of 
the Cascade Range.

Examination of the ANOVA results also indicated that sample size 
was significant. Only 20 samples were available for the Older volcanic 
aquifers, and generally Tukey's multiple range test did not detect a 
significant difference between this aquifer and the others for most 
constituents (table 23). Small sample size increased the amount of 
uncertainty about the mean so that it was indistinguishable from the 
means for other aquifer units at the 0.05 probability level. Sample 
size appeared sufficient for other aquifer and hydrologic units.

The results of this statistical analysis gave the following 
insights to variation in Oregon ground-water quality: (1) For each 
constituent measured, the range from smallest to largest value is 
generally more than one order of magnitude and frequently is three or 
more orders of magnitude, (2) variability in constituents can be 
separated by variables such as aquifer unit and hydrologic unit, though 
these variables are not equally effective with all constituents, and 
they do not account for a large percentage of the variation, (3) 
selection of classification variables or descriptors used to account for 
variation in the ground-water quality data influence the results (note 
magnesium variation did not segregate into distinct subsets using 
hydrologic units), and (4) aquifer units provided the best opportunity 
to interpret the results of the ANOVA test because constituents could be 
related to lithology.
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ROGUE RIVER BASIN 

The Setting

The Rogue River basin is an area of about 5,000 mi 2 drained by the 
Rogue River and its' tributaries with about 150 mi 2 of the basin in 
California; the remainder is in Oregon. Most of the basin is in the 
Klamath Mountains physiographic region; however, the eastern one-quarter 
is in the Cascade Range, and includes portions of the High Cascades and 
the Western Cascades. Crater Lake National Park is found in the High 
Cascades and is in the headwaters of the Rogue River.

The Rogue River basin can be divided roughly into three geographic 
areas the eastern, central, and western sections. The eastern section 
is lightly populated, heavily forested, and is mostly within the rugged 
western slopes of the Cascade Range. The central section differs from 
the eastern and western sections in that its' river valleys are much 
broader; consequently, most of the basin's population, farming, and 
industrial activities are located in the valleys in this central 
section. The western section is rugged and mountainous and, like the 
eastern section, is lightly populated and heavily forested.

Geologic formations in the eastern section are chiefly Quaternary 
and Tertiary age andesitic lava, breccia, tuff, and tuffaceous 
sediments, and are assigned to the Volcanic rocks of the western 
Cascades. These rocks dip gently eastward toward the Cascade Range.

In the central and western sections of the basin, the bedrock 
formations consist mainly of Mesozoic age metamorphosed volcanic, 
sedimentary, and intrusive rocks and unaltered sediments and volcanic 
rocks. Most of these rocks are folded, faulted, and steeply dipping.

Ground water is obtained from most of the geologic formations in 
the basin. The best water-bearing formations are (1) the alluvial 
deposits found in the lowlands along principal streams in the central 
part of the basin, (2) weathered granitic intrusive rocks, and (3) 
volcanic and pyroclastic rocks of the Cascade Range. All other 
formations consist mainly of low-permeability rocks and typically yield 
on Iy a few to several gallons of water per minute to wells. As many as 
10 percent of the holes drilled in this area may yield little or no 
water. The low-permeability formations consist of a variety of rock 
types, including metamorphosed sediment, lava, tuff, intrusive rock, and 
serpentine; and unaltered siltstone, sandstone, tuff, and lava. In 
spite of their poor water-yielding properties, however, these rocks are 
very important sources of water because locally they may be the only 
source for rural use.
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Classification of Sample Sites

Because the Rogue River basin had numerous ground-water quality 
samples in the data base, and the junior author was familiar with the 
basin geohydrology, an attempt was made to classify the basin's samples 
in two additional ways; (1) according to type of flow system, and (2) 
according to position within the flow system. Once classified, 
statistical analyses were performed on the data; the result of these 
analyses are discussed in the following section. Classification by type 
of flow system required that each sample site be designated as local, 
intermediate, regional, or unknown type of flow system. To accurately 
classify sampling sites in this manner requires that much information be 
available about the three-dimensional distribution of head within the 
system. Because these data were not available, the process of 
classifying sites was largely subjective.

All of the information used to classify sites by geologic or 
hydrologic units is needed to classify sites according to type of flow 
system, but more data about head distribution within the system near the 
sampling site is needed to accurately classify the site with regard to 
flow system. Because this data is generally lacking, one must 
frequently rely on personal judgement. In some areas, the process is 
fairly simple. For example, in an area of high topographic relief, 
similar high concordant ground-water mounds, rocks of uniform 
permeability and narrow V-shaped valleys, such as are commonly present 
in the Oregon Coast Range or portions of the Klamath Mountains, one 
would anticipate that only local ground-water flow systems are present.

If a wide valley floor covered by thin more permeable alluvium were 
added to the simple system just described, one would then classify flow 
in the shallow alluvium as a local flow system, and flow in the 
underlying rock as part of a regional flow system. The classification 
process becomes more difficult with increasing geological complexity, 
decrease in relief, or variable permeability of the geologic formations.

Classifying sampling sites according to position within the flow 
system required the hydro legist to designate location of the sampled 
well in a recharge area, an intermediate area, a discharge area, or an 
unknown area of the flow system. A ground-water recharge area by 
definition is an area in which there is a decrease in head with depth in 
the natural undeveloped flow system. Recharge areas typically are 
located beneath drainage basin divides and upland areas. An 
intermediate area by definition is one in which there is no change in 
head with depth in the system. If an intermediate area cannot be 
identified using head data, then in simple flow systems it occurs at 
some point between the recharge and the discharge area. A discharge 
area is an area where the head increases with depth in the flow system; 
if head data are not available, generally the discharge area is located 
in lowlands adjacent to streams.
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In this study, sample location in the flow system was determined 
from sampling-site well records, large scale topographic, geologic, and 
potentiometric surface maps. Information on ground-water pumpage near 
the site and on the rate of pumpage during the sampling process also is 
necessary. Water-level data recorded by the driller during drilling and 
completion of the well are of critical importance in accurate site 
classification. These data along with knowledge of the site may be 
combined to appropriately classify the site as a recharge, intermediate, 
or discharge area.

Results of Analysis of Variance

The Rogue River basin data were analyzed twice using the ANOVA 
procedure described earlier in this report. ANOVA used the ranks of 
constituent values to determine if there were significant differences 
between the type of flow system (TYPF): regional, intermediate, or 
local. ANOVA was also used to determine if there were significant 
differences between positions within the flow system (TYPA); discharge, 
intermediate, or recharge affected constituent values. Results of the 
ANOVA are presented in table 24, and the results indicate the type of 
flow system (TYPF) was significant (p£ .05) for 6 of the 14 
constituents analyzed, while the area within the flow system (TYPA), was 
significant for only three of the analyzed constituents. Of the 
constituents that showed a significant difference between designations, 
only dissolved solids showed a significant effect for both class 
variables.

Tukey's multiple range test was used to determine where the 
significant differences were within each classification variable. The 
results of the multiple range test are presented in table 25. Units 
(areas) within each class variable (TYPF or TYPA) that did not have 
significantly different rank means were assigned the same letter 
designation. Of the two class variables, TYPF provided the better 
separation between flow system types for sodium, chloride, and dissolved 
solids. For all three variables, regional and intermediate flow systems 
rank means were not significantly different, and the local rank means 
were lower than the regional and intermediate values. The lower values 
for the local system are consistent with the expectation that lower 
residence time for water moving through a local system compared to a 
regional system should yield lower dissolved solids possibly including 
chloride and sodium as in this case. Three other constituents (sulfate, 
pH, and conductance) had unit rank means significantly different from 
each other for class TYPF. For sulfate and conductance the differences 
were not physically justified, because regional flow was not distinct 
from local flow. The significant difference was between local and 
intermediate flow which indicates the statistical results were not 
consistent with our concept of the flow system. This inconsistency 
probably is due to the limited information and method for defining flow 
systems with field data.
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Results for the class variable TYPA, area within the flow system, 
indicate distinguishable units for only potassium, nitrite plus nitrate, 
and dissolved solids. A similar inconsistency to that mentioned above 
resulted for nitrite plus nitrate in that the recharge and discharge 
area rank sample means were not significantly different, but a 
difference was detected between intermediate and recharge area with the 
intermediate area having higher values. These results may occur because 
recharge areas are generally topographically higher than the other two 
area types and therefore less likely (because of lower population 
density) locations for subsurface sewage-disposal systems   the most 
common source of high nitrate values in the State. Potassium and 
dissolved solids however, had significant differences between recharge 
and discharge, but intermediate areas were not distinguishable from the 
the other areas. Rank mean values were highest for discharge areas and 
lowest for recharge areas for both potassium and dissolved solids. This 
was anticipated because younger more dilute waters should be present in 
recharge areas.

Refinement of Methodology

The results of the ANOVA tests on data segregated by flow system 
are not conclusive because problems associated with assignment of class 
variables are one of the key factors that determined the ANOVA outcome. 
It is necessary to improve the method to designate flow-system type and 
area. For example, if the data could be segregated by flow-system type 
then segregated by area within the flow system, the range of 
concentrations for each constituent probably would increase as the data 
from local, intermediate, and regional flow systems are examined. The 
data would be examined by areas where lithology is similar within each 
type of flow system. Such an examination should account for some of the 
variability noted in the data.

CONCLUSIONS

Ground-water quality data from the Geological Survey WATSTORE 
water-quality file examined in this study contained little data which 
would indicate the impact of hazardous waste or man's activities on the 
overall quality of ground water in Oregon. A few analyses for complex 
organic substances are contained in U.S. ERA or Oregon DEQ files from 
monitor wells near sanitary landfills or public drinking supplies, but 
these data were not part of the WATSTORE data files. Samples from such 
as these are not generally useful in determining background 
concentrations nor the extent of current contamination. The most 
widespread recognized ground-water contamination problem in the State is 
from subsurface sewage-disposal system leachates, which have resulted in 
elevated nitrate concentrations in some areas. Evidence for the general 
presence or absence of hazardous waste contamination in Oregon ground 
water is lacking in the examined data because no areal sampling has been 
done to determine the presence of these constituents.
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Explanation of observed variations in ground-water quality 
statewide in this study is hampered by several factors: (1) Small 
numbers of samples for large areas with complex flow systems; (2) 
irregular distribution of samples, spatially, geologically, and 
temporally; (3) incomplete surface and subsurface geologic and 
hydrologic information at sampling sites; (4) incomplete knowledge of 
well construction and pumpage effects; (5) inadequate knowledge of the 
subsurface flow system at specific sites; and (6) incomplete analytical 
data on many samples.

Factors used to statistically explain the observed ground-water 
quality variations were aquifer unit source and hydrologic unit source 
of ground water. The aquifer unit source classification generally 
included several distinct geologic formations combined together as a 
single aquifer because of similarities in lithology, hydrology, and (or) 
hydraulic properties. The hydrologic unit classification was used 
because each hydrologic unit represented a few to several adjoining 
river basins that have surface-water divides that coincide fairly close 
with major ground-water divides.

As determined by ANOVA tests, each classification group performed 
equally well numerically in segregating the ground-water quality data 
into statistically distinguishable units. Aquifer unit classification 
was relatable to lithology which provided better explanation of results. 
Statistical results could be improved if the classification groups were 
subdivided into smaller subunits that are more geologically and 
climatologicaI Iy homogeneous. For example, 3 single geologic unit such 
as the Eocene Tyee Formation found in the Marine rocks of the Coast 
Range is IithologicaI Iy more uniform throughout its extent than is the 
larger grouping of marine rocks. This type of data segregation was not 
possible because of the small number of samples available for most small 
homogeneous units. Another possibility for classifying samples in this 
data set would be to combine the effects of the two classification 
variables. This could be done by combining aquifer units subdivided by 
a major physiographic boundary such as the Cascade Range.

The presence of large amounts of andesitic and basaltic volcanic 
rocks, and sedimentary rocks derived from them, suggests that similar 
ground-water quality may be expected in those parts of the State where 
these rocks occur. Although the water-quality variations are great, the 
trilinear diagrams of cation and anion ratios show patterns that support 
this generalization. Most of the diagrams showed the principal anions 
were the constituents that comprise alkalinity while no single cation 
was dominant. The plots also show some specific water types which 
include many samples with high percentages of chloride and sodium. 
These samples are believed to be older, mineralized, possibly connate 
water unrelated to the more typical waters of the state.
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In the Rogue River basin, an attempt was made to classify samples 
by flow-system type and by area within the flow system. The results 
were not generally conclusive because the variability of most 
constituents was not reduced by these new classifications.

Data available to describe ground-water quality in Oregon are 
limited in quantity, analytical detail, geographic distribution, and are 
generally inadequate for time-trend analysis. Because of the large 
variation in constituent concentrations, with no direct method for 
explaining the variation, the data generally does not provide predictive 
capability to determine future concentrations or problem areas. The 
data are particularly inadequate for defining the impacts of hazardous 
substances including nonpoint application of herbicides and pesticides 
on Oregon ground-water quality. Monitoring in the immediate vicinity of 
some waste disposal sites is done, and may provide information on point 
sources of hazardous waste contamination. To improve the Oregon 
ground-water quality data base, all existing sample data should be made 
computer accessible. In addition, the usefulness of the sample data may 
be improved by combining it with more accurate descriptions of the 
source of the sampled water. Included should be information on primary 
and secondary formations yielding water to the well and location in the 
flow system. Along with improvements to existing data, new data from a 
network of monitoring wells could provide background data on different 
geologic and physiographic regimes. To address questions regarding 
hazardous waste contamination, sites need to be selected where effects 
are expected from both point and nonpoint sources.
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